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Preface

This study looked at the effect that the variability of input distributions has on the
value of aircraft availability. To do this, a simulation model was developed which
simulated the reparable item pipelines for 15 different items. This model provided the
ability to change the variance of the input distributions and test the effect of this variance
change on aircraft availability.

A search of the historic literature showed that four different variables are typically
used in expected value models which are currently being used in the Air Force. Of those,
under the assumption of lean logistics in the Air Force, only the depot repair time of the
item and the failure/demand rate of the item were now used and thus, those variables were
investigated. Also, with the current Air Force method of calculating failure/demand rate
from the flying hours of the aircraft, a low flying hour program, hence a low
failure/demand rate, and a high flying hour program, or a high failure/demand rate, were
evaluated.

This study would not have been possible without the help of many people. First, I
would like to thank my advisors Dr. Guide and Maj. Kraus for their support when I
needed it and their “bludgeoning” when I required it. I would also like to thank Bill
Morgan of AFMC/XPS for his work and time spent on the Air Force’s Aircraft
Availability Model used in the validation of the simulation models. Next, I would like to
thank my classmates; Kevin, Crash, Indy, Todd, Marie, Miro and Smitty, for their help and
encouragement through the “fuzzy” classes. Finally, I would like to thank my wife Sherry
for her love and continued support and my children; Kayla, Kelsey, and Kristopher, for
their smiling faces and for being the reason I went to school.

Michael S. Kapitzke
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Abstract

The Air Force currently uses an expected value model in the Aircraft Availability
Model (AAM) to calculate aircraft availability. However, even with the application of
Lean Logistics, the failure/demand rate and the depot repair time are not fixed and the
mean value is still used in the model. This research looks at the effect of the magnitude of
;he variance of the distributions of failure/demand rate and depot repair time. Also, this
research evaluates the effect of variable mean failure/demand rates on the variability of
aircraft availability.

A simulation model was developed which applied the variable failure/demand rates
and depot repair times. Aircraft availabilities were calculated and the variances of the
aircraft availabilities were computed. From this an ANOVA and paired t-tests were
performed on the mean variances to test if the parameters significantly effected the
variance of aircraft availability. From these tests, it was found that failure/demand rate
variance and the failure/demand rate significantly effected the variance of aircraft
availability with possible aircraft availabilities being +10% in some cases.

Because the AAM generates an expected value, decisions made in the field based
on meeting or not meeting that value should be examined carefully to ensure that the
difference is not due merely to random effects in the system. Also, in any expected value
model, variances in the input distributions will lead to a range of actual values. As before,
each decision which is based on meeting a given level generated by an expected value

model should be thoroughly examined to ensure that this random effect is not overlooked.




AN INVESTIGATION INTO

AIRCRAFT AVAILABILITY

i._ Background

Introduction

Aircraft availability models have been developed to predict how many aircraft will
be available for operation at a given time. These models base their calculations on the
availability of reparable parts for which demand is forecasted, and the availability rate is
the percentage of aircraft with a complete set of these reparable parts (Rexroad, 1992:1).
In recent years the Department of Defense (DOD) budget has been shrinking and aircraft
availability has become an ever increasing issue of concern.

As a result, the DOD has been forced to find ways to do more with less. In the
logistics management arena, the DOD established the Joint Logistics System Center
(JLSC). The JLSC’s main mission is to evaluate and select logistics sub-systems from
each service’s logistics system to produce a standard DOD logistic system appropriate to
the Air Force, Navy, Army, and the Defense Logistics Agency (DLA) (Klugh, 1994). The
difficulty lies in determining which sub-systems from the individual services can be taken
and incorporated into one logistics system. This task is particularly difficult when each
service has developed different approaches for similar sub-systems (Dussault, 1995: 1-2).

In 1992 the JLSC granted the Air Force authority to continue using the existing

Aircraft Availability Model (AAM) for predicting aircraft availability and to aid in spares




provisioning (Klugh, 1994). This decision brought out concerns in the implementation of
the AAM.

There are many pieces of information which are used for the calculation of aircraft
availability. Of those pieces, there are four variables used which are mean values. They
are: the base time to repair, the depot time to repair, the order and ship time, and the
failure/demand rate of the component. Because the AAM uses the mean values of these
variables, the variation in these values is assumed to be known and adequately accounted
for in the design of the model. Unfortunately, even in the steady state world of peacetime
flying, this assumption is not supported by any relevant data (Crawford, 1988: v).

Other than violating the assumptions of the model, the demand rate variability
would not be so important if the numbers of units in repair were constant at an acceptable
level. Unfortunately, the variation in the length of time parts are in repair is even greater
than that of the demand rate (Crawford, 1988: vi). Thus, it is this variation in these values

that has given rise to the question of robustness of aircraft availability predictions.

Purpose of the Study

The purpose of this study is to investigate the effect of the variance in input
distributions on predicted aircraft availability. This research will evaluate the robustness
of predicted aircraft availability through a simulation of the reparable item pipelines of a

system using known means and theoretical distributions for input variables.

Specific Problem
Are there significant effects on expected aircraft availability due to variability in the
reparable components’ input distributions? In order to answer this question, this research

question is broken down into investigative questions which focus on individual variables.




investigative Questions

1. Does the variance of the distribution of the number of failures/demands
have a significant effect on the variability of aircraft availability?

2. Does the magnitude of mean number of failures/demands have a significant
effect on the variability of aircraft availability?

3. Does the variance of the distribution of the depot repair times of the
components have a significant effect on the variability of aircraft availability?

4. How much variation in aircraft availability results from the different

combinations of the input parameters?

Research Approach

The research approach to be used will first review the historical data of depot
repair times and failure rates of individual components. Using the mean values for these
components, distributions will be placed on the parameters, and a simulation model will
then be constructed and used to evaluate aircraft availability to answer the research

questions.

Scope and Limitations

This research has the same limits placed on it as those placed on the AAM. The
AAM does not consider on-aircraft maintenance, scheduled or unscheduled, or shortages
of consumables. Also, the AAM does not consider maintenance actions that consolidate
reparablej item shortages on aircraft (cannibalization) (Rexroad, 1992:2). Because these
limitations are placed on the AAM, the simulation model was designed to adhere to these
limitations also. This research is limited to the somewhat static environment of peacetime
flying and thus, this effort will not consider aircraft availability during either a dynamic

wartime environment or a pre-wartime build-up environment.




Summary

Next, Chapter II will review the mathematical foundations behind reparable
inventory theory and the AAM. Following this review will be a discussion of the input
parameters for the calculation of aircraft availability. Chapter I will then describe the
methodological approach to be used to answer the research questions. Chapter IV will
present the results of the simulations and a discussion of the data followed by conclusions

of the research in Chapter V.




ll. Literature Review

Overview

Aircraft availability models have been developed to help predict how many aircraft
will be available for operation at a given time. Aircraft availability models base their
calculations on the availability of reparable parts for which demand is forecasted, and the
availability rate is the percentage of aircraft with a complete set of these reparable parts
(Rexroad, 1992:1). If enough reparable parts are purchased for the repair pipeline, the
aircraft availability would be near 100%, and the supply system would stock enough of
these parts so that the Air Force would never have to purchase more. Unfortunately, the
cost of purchasing enough parts would be astronomical, and the DOD does not have an
endless supply of money. Since the DOD cannot purchase all these parts, it must rely on
the forecasting and predicting models to help decide which and how many parts to
purchase. The Air Force currently uses the AAM to perform this task. The AAM is an
expected value model which computes aircraft availability using mean values and does not
compute the variance of the distribution of aircraft availability.

To better understand aircraft availability and the AAM, this review will begin with
a discussion of the foundations behind reparable inventory modeling, the AAM and its
assumptions. Following this, the review will present the main calculations of the AAM
and then present the input variables and their significance in the calculation of aircraft

availability.

Foundations In Reparable Inventory Modeling

(S-1,S) Inventory Policy. The theory of (s-1,s) inventory is the foundation for

reparable parts management (Klinger, 1994:9). This (s-1,s) inventory theory is based on a

simple one-for-one ordering system: when a part breaks, a replacement part is ordered.




This order for a new part may be filled by either the base supply or the depot supply. If no
spares are available at the base supply, the customer must then wait for either a part from
depot supply or from base repair (Nahmias, 1981:254).

The performance of the inventory system is determined by the amount of spare
stock, s, available in the base supply system (Feeney and Sherbrooke, 1966:391). This
spare stock consists of three categories. The first category is the amount of stock on hand
in the supply system. The second category is the amount of stock due in to supply. The
last category is the amount of stock that has been backordered. The spare stock, s, can
then be defined as the stock on hand plus stock due in minus backorders (Feeney and
Sherbrooke, 1966:392). Thus, when stock is demanded, the inventory falls below s (at
least to s-1). In order to return inventory to s, a backorder is placed for an equal amount
of stock that has been demanded. So, if backorders exist, net inventory, which is stock on
hand plus stock due in, may become negative (Nahmias, 1981:254).

Poisson Processes. Poisson processes are used because they “closely

approximate real-world arrival processes” (Crawford, 1981:1). An arrival process is
explained as, “some group of entities (people, aircraft, etc.), each of which may give rise
to some event of interest (make a telephone call, have a radio failure, etc.) in each time
interval” (Crawford, 1981:10). Suppose a random variable x(i) is associated with each
éntity, and x(i) is set to zero if the entity did not cause an event or one if the entity did
cause an event. The total number of events, y, in a fixed time interval is then the sum of

all x(i) for that entity (Crawford, 1981:10). Crawford then explains:

Suppose that Pr{x(i) = 1 } = p(i). If the entities act independently and all the p(i)
are equal to some value p, y has a binomial distribution. If n is fairly large and p is
small, the Poisson distribution with mean np provides a very good approximation
to the distribution of y. (1981:10)




Poisson Distributions. Poisson distributions are the basis for the demand

processes of reparable inventory models. This is explained best by Crawford:

the Poisson distribution is a good approximation to an arrival process generated by
a collection of entities acting independently of one another, each with a small
probability of generating an event in a given short time interval. (1981:10)

A process, denoted by {N(t), t=>0}, is said to be a Poisson process with mean rate A if the

following assumptions are true:
1. {N(t),t>0} has stationary independent increments.

2. For any times s and t such that s<t, the N(t)-N(s) counts in the interval (s,t) is
Poisson distributed with mean A(t-s). That is.

(€ Yrct-9)
k!

P[N(t) - N(s) = k] = k=0,12,... (1)

(Sherbrooke, 1966:2)
The distribution of the time between arrivals, or demands, is an exponential distribution
(Feeney and Sherbrooke, 1966:393).

Compound Poisson Distributions. A compound Poisson distribution is a

generalization of the simple Poisson distribution (Feeney and Sherbrooke, 1966:393). The
compound Poisson distribution, however, deals with batches of demands rather than a
single demand (Feeney and Sherbrooke, 1966:393). From an inventory management
perspective, the compound Poisson distribution represents “a series of customers with
Poisson arrivals who demand an amount which has an independent discrete distribution™
(Feeney and Sherbrooke, 1966:393).

There are three basic properties to the compound Poisson distribution:

1. Any compound Poisson distribution with a positive, discrete compounding
distribution has a variance that equals or exceeds its mean.

2. The compound Poisson distributions are the most general class of
‘memoryless’ discrete distributions.

3. The summation of N independent compound Poisson processes with mean
customer arrival rates A;,A,...,Ax yields a compound Poisson process with
mean customer arrival rate A = the sum over all N of A;. (Sherbrooke, 1966:7)




Compound Poisson distributions are manifested in other types of distributions. Of
those distributions, the negative binomial is used in inventory management models. The

probability mass function of the negative binomial is expressed in equation (2).

Xx+n-1 «
p(x):( : )p"(l»—p) O<p<l1, x=0,1,2,.. (2)
n —
The mean of this negative binomial, denoted by M, is n(1-p)/p; and the variance, denoted
by V, is n(1-p)/p® (Hadley and Whitin, 1963:101).

Palm’s Theorem. Another important foundation of reparable inventory modeling

is Palm’s Theorem. There is a classical form and a generalized form of this theorem. The
classical form is the basis for the reparable inventory modeling under a steady state or
peacetime environment. The theorem, as it pertains to reparable inventory modeling and

control, is stated below:

If demand for an item is a Poisson process with annual mean m and if the repair
time for each failed unit is independently and identically distributed according to
any distribution with mean T years, then the steady-state probability distribution
for the number of units in repair has a Poisson distribution with mean mT.
(Sherbrooke, 1992:21)

This theorem leads to the assumption of what is know as the “infinite channel
queuing assumption” (Sherbrooke, 1992:21). This assumption, when used in reparable
inventory modeling, translates to “the availability of unlimited repair resources” (Klinger,
1994:12). Although there is not an unlimited supply of repair resources, the theorem is
still acceptable because the shape of the repair distribution is not required and the number

of units in resupply is still Poisson with mean mT (Sherbrooke, 1992:21).

Aircraft Availability

Now that the foundations for reparable inventory control have been explained, we
can now apply them to the AAM. An aircraft is considered operationally available if it is

not waiting for a reparable component to be repaired or shipped. In other words, an




available aircraft is one with no reparable unit backorders (Rexroad, 1992:5). This
definition highlights the relationship between number of backorders and aircraft
availability.

The calculation of aircraft availability is a two step process. First, the number of
expected backorders is computed. Then, the probability of that backorder occurring on an
aircraft is computed. This probability is known as the aircraft availability rate. In other
words, the aircraft availability rate is probability that an aircraft is not waiting for a
reparable spare part (King, 1985: 1-1). For a detailed derivation of the equations used in
the AAM to compute aircraft availability, see Appendix A. The following sections on the
expected backorders calculation and the aircraft availability calculation are taken from
Rexroad, 1992.

Expected Backorders Calculation. The first part of the calculation of aircraft

availability is to calculate the number of expected backorders. To find this, two variables
must be known, the first variable is the number of items due in from supply, x, and the

second is the amount of stock on hand, s. These variables, combined with the probability
distribution of having ‘x’ units due in from supply, p(x), can then be placed into equation

(3) to calculate the expected backorders (EBO).

EBO = (x—s)p(x) 3

X>s

The probability distribution, p(x), is a compound Poisson distribution, the negative
binomial, with average daily demand, A, average resupply time, T, and expected number of
items in resupply, AT, which is used as the mean of the negative binomial distribution.

The average daily demand is also the failure, or demand, rate (failure/demand rate).
The average resupply time is a combination of three variables. These variables are: the

base repair time, the depot repair time, and the order and shipping time.




Aircraft Availability Calculation. Once the number of expected backorders is

found, that number is placed into the second part of the AAM calculations, that of aircraft
availability. Along with the expected backorders, many more variables are needed for the
calculation of aircraft availability. These are variables such as numbers of aircraft,
quantities of components on given aircraft, percentages of aircraft with given components
installed, total number of components, flying hours of the aircraft, and flying hours of
components. These values are obtained from the Air Force’s D041 Data Base and placed
into the model. The final equation for aircraft availability, equation (4), is used as derived
in Appendix A, to calculate the aircraft availability. In equation (4), qa,n 18 the

probability that an aircraft of mission designator h is not missing component i with n

spares in stock.

A=[]a,,, (4)

Variables of the Aircraft Availability Model.

There are many pieces of information which are used for the calculation of aircraft
availability. Of those pieces, there are four variables used which are mean values: the
order and ship time, the base time to repair, the depot time to repair, and the
failure/demand rate of the component. Because the model uses the mean value of these
variables, the variation in these values is assumed to be known and adequately accounted
for in the design of the model. Unfortunately, “even within the fairly steady state world of
peacetime flying activity, none of the...assumptions above are supported by the relevant
data.” (Crawford, 1988:v)

Order and Ship Time. Although the order and ship time may seem somewhat

stable, large variations do occur. However, there is a move in the DOD to improve this
variable. In the commercial environment, many companies have prospered by shipping

needed items in under two days. The Air Force has reviewed this and is currently utilizing
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the abilities of these commercial companies to reduce the Air Force’s order and ship time
to below two days. This move also has the effect of reducing the variance of the order
and ship time to less than a day.

Base Repair Time. Currently in the Air Force, aircraft maintenance is being

performed on what is known as a three-level system of maintenance. The three-levels of
maintenance in this system are the flight line, base repair, and depot repair. For example,
if a part on a aircraft is broken, maintenance personnel will judge if they can repair it. If
they cannot, they will remove it and send it to base repair. Base repair will then decide if
they can repair it; and if not, base repair will send the item to depot repair. Depot repair
will then either repair the item or scrap the item and purchase a new one. Although this
system is reliable, it can introduce delays due to the number of steps required in the
process.

Under the Air Force’s new plan of Lean Logistics, aircraft maintenance is being
performed on what is known as a two-level system of maintenance. The two levels of the
system are the flight line and depot repair. Under this system, if the maintenance
personnel cannot repair an item on the flight line, the item is shipped straight to the depot
for repair. This eliminates the need for base repair personnel and reduces the steps in the
process of repair. With the move in the Air Force to this Lean Logistics system, base
ré:pair time has been greatly reduced. In relation to the AAM, the value of base repair
time becomes zero.

Failure/Demand Rate. Failure/demand rate is the number of failures or demands

of an item that are experienced on a daily basis. Since a failure of an item immediately
creates a demand, the failure rate and the demand rate are the same. Although the
reliability of equipment on aircraft is high, each failure of an item will not occur at the
same time interval. Because of this, there could be a large variability in the failure/demand

rate.
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The AAM makes the assumption that the mean failure/demand rate is accurate.
However, the variability in the assumptions about the failure/demand rate is both relevant
and important (Crawford, 1988:v-vi). Because of the relevance of the variability in the
failure/demand rate, “[e]xcessive demand variability substantially reduces the confidence
we can put in our requirements and capability assessment models” (Crawford, 1988:vi).

Depot Repair Time. In the Lean Logistics system, base repair time is eliminated

and the repair of the reparable item is performed only at the depot. Now the time to
perform the maintenance at the depot would be even more variable. With an increase in
demand of work at the depot, certain items, those easily repaired, may get repaired first.
This would then add to the length of time required to repair an item with a more complex
problem. Thus, increasing the variability in the depot repair time increases the need to test

the variability in aircraft availability.

Summary

To keep the Air Force in a high state of readiness, the Air Force uses a model that
computes the expected percentage of aircraft available at any given time. This mode] is
the Air Force’s AAM. However, aircraft availability has never been examined to find the
range of aircraft availability which may arise. This study evaluates the variance of aircraft
availability due to changes in the input distributions of depot repair time and
failure/demand rates.

Chapter II1 discusses the methodological approach used to perform the research.
This approach will begin with a restatement of the problem followed by the steps used to
create, verify, and validate the simulation model. Chapter III will conclude with a

description of how the simulation model will be used to test the research question.
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. Methodology

Introduction

This chapter explains the method and the steps that will be used to answer the
research question. The chapter is laid out in the order in which the steps are to be
performed. These steps are: Problem formulation, Basic simplifications and assﬁmpu’ons,
Basic model design, Data gathering and generation, Model coding, Verification,

Validation, Experimental design, and Data analysis.

Problem Formulation

Purpose of the Study. The purpose of this study is to investigate the effect of

the variance in input distributions on aircraft availability. This test will evaluate the
variability of aircraft availability through a simulation of the reparable item pipelines of a
system using known means and theoretical distributions for input variables.

Specific Problem. Are there significant effects to expected aircraft availability

due to variability in the reparable components’ input distributions? In order to answer this
question, this research question is broken down into investigative questions which focus
on individual variables.

Investigative Questions.

1. Does the variance of the distribution of the number of failures/demands
have a significant effect on the variability of aircraft availability?

2. Does the magnitude of mean number of failures/demands have a significant
effect on the variability of aircraft availability?

3. Does the variance of the distribution of the depot repair times of the

components have a significant effect on the variability of aircraft availability?
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4. How much variation in aircraft availability results from the different
combinations of the input parameters?

Research Hypothesis. To answer the research question, research hypotheses

are developed for each of the investigative questions. Research hypotheses consist of both
a null hypothesis and an alternative hypothesis. For the first three investigative questions

the null and alternative hypothesis are:

Ho: There are no significant effects on aircraft availability
Ha: There is at least one significant effect on aircraft availability

This test will be performed using an ANOVA test at the 95% level. This ANOVA
will indicate if each parameter has a significant effect and also if any combinations of these
parameters have a significant effect.

The fourth investigative question does not have a research hypothesis. The fourth
investigative question will be answered by computing the range of the aircraft availability
from the value of the average variance computed during the simulation runs for each test

condition. This range will be computed based on an interval of +/- 20.

Basic Simplifications and Assumptions

The first step that must be performed is to state the simplifications and
assumptions behind the model. As discussed in the literature review, in a lean logistics
environment, the reparable repair is handled using a two level system of maintenance. In
the two level system of maintenance, all failed items are sent to the depot for repair.
Therefore, the percentage of base repair is zero and the base repair time is also zero. The
next simplification is also due to the lean logistics environment. To try to minimize the
number of items in the reparable pipelines, commercial transportation organizations can be
utilized and the order and ship time will be reduced to a triangular distribution of no less

than one day, most likely time of two days, and no more than three days. A final
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simplification in the model is to use items with a quantity per aircraft of only one. For
example, if an aircraft had two radios, the quantity per aircraft would be two. By using
items with a quantity per aircraft of one, simultaneous failures of the same item cannot
take place on the same aircraft. If two failures of an item occur simultaneously, then two
aircraft are grounded from the two failures.

The basic assumptions behind the simulation model represent the basic
assumptions behind the AAM. The first assumption is that of infinite repair resources at
the depot, or, when an item is received at the depot, there are an infinite number of
personnel to repair that item. Second, there are sufficient repair parts available for the
repair process, or in other words, there is no delay time at the depot due to a lack of repair
parts. Assumptions three and four revolve around the failure of the item. The third
assumption is that it takes only one failure of any item to ground the aircraft, and the
fourth assumption is that a failure of an item can only occur on a non-grounded aircraft.
However, simultaneous failures of different parts can occur on the same aircraft.

Therefore, one aircraft may have more than one failed component at a time.

Basic Model Design

The basic model to be tested begins with the failure of the reparable item as shown
in Figure 1, and results in a grounded aircraft. When an item fails, it is removed from the
aircraft until a replacement part is installed. From the failure, two actions take place. One
action (top branch in figure) is the return of the part to the depot for repair, and the
second action (bottom branch in figure) is the request on the supply system for a new part.

Along the top branch, two further actions take place to return the part to
serviceable condition. Once the part is received at the depot, the depot must first repair
the part. Once the part is repaired, the part is sent to supply for distribution to

maintenance.
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The bottom branch has three actions that happen sequentially to provide a
serviceable part to maintenance. When the request for the part is placed on the supply
system, if the supply system has a part, it is issued. If supply does not have a part, it must
wait for the repair system to provide a repaired item for reissue. Once supply receives the
serviceable part, it is given to maintenance for installation.

From this basic model, the time for which the aircraft waits for a part is downtime
for the aircraft and the aircraft is not available. For the entire system, the average number
of missing components during a specified time is the number of aircraft, on average,
considered grounded for that time. Thus, the total number of aircraft minus the total
number of grounded aircraft is the number available, and the number available divided by

the total number of aircraft is the percentage of aircraft available or the aircraft availability

for that period.
Send Part Depot g{a?:u Svaels
to Depot for Repairs  — ; OruPP y
Ropair Pat Distribution
Failure of
Component, )
Part Removed, Wait for new |
Aircraft part from repair
Grounded

Demand on Send new Base Receive
Supply for . 9 part to 2=t Part, Repair
New Part Available? Base Aircraft

Figure 1. Basic Model
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Data Gathering and Generation
There are three variables for which data is required, item failure/demand rate
variance, depot repair time variance, and mean failure/demand rate.

Failure/Demand Rate Variance. Failure/demand rate is the number of failures

or demands of an item that are experienced on a daily basis. Since a failure of an item
immediately creates a demand, the failure rate and the demand rate are the same.
Although the reliability of equipment on aircraft is high, failures do not occur with a
constant time between failures. Because of this, there could be a large variability in the
failure/demand rate distribution.

For the model, negative binomial distributions for failure/demand rates will be used
in the simulations for the items. The negative binomial distribution for the low variance
condition will use a variance-to-mean ratio (VMR) of two and the high variance condition
will use a VMR of ten. The tables used for the daily demand cumulative density function
(CDF) of the part failures, see Appendix E.

Depot Repair Time Variance. As with the failure/demand rates, the depot

repair times for the components will be modeled using the same technique. Actual means
for the depot repair time for the failed item §vi11 be acquired from the Air Force’s D041
data base. Distributions for the depot repair times will be applied to the items repair cycle
using the mean repair time as the mean of the repair distribution.

For both the low and high conditions a beta distribution will be used to model the
repair process. In order to use a Beta distribution, a lower and upper limit must be placed
on the repair process. For each item the lower limit will be established at 90% of the
mean repair time and the upper limit will be established at 120% of the repair time. For
the low condition, a Beta (1,2) distribution will be used to calculate the depot repair time

and for the high condition, a Beta (0.5,1) will be used (see Appendix E).




Failure/Demand Rate. The failure/demand rates for the model were calculated

using the current Air Force technique of basing the failure/demand rates on the number of
flying hours in the quarter. Using this technique, actual repair times from the Air Force’s
D041 data base were converted from the daily demand rate provided to a demand per 100
flying hours. This value was then used to calculate the daily demand rate for low
condition (5000 flying hours) and the high condition (15000 flying hours). The resulting
CDF for the different failure/demand rates are found in Appendix E.

Model Coding

The simulation model used to answer the investigative questions consists of two
main sections, the control statements and the main network which were coded in SLAM I
Simulation Language. The control statements establish initial and operating conditions.
The main network executes the simulation and contains the stock and demands for each
item, provisioning for the repair, and the resupply of the items. See Appendix B for a

detailed description of the model.

Verification

Verification of the model deals with answering the question, “Is the code operating
as desired?” Verification was performed in two ways. Because of the relative small size of
the simulation model, the first method of verification was a manual desk check of the
simulation model before the simulation is executed. This process verified the logic and
assumptions placed into the model. The second method was a formal static analysis. This
analysis was and will be performed during each compiling of the simulation model. This
automated process verifies the syntax of the program and the proper coding of the

individual steps in the model.
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Validation

Validation of the model is the process of answering the question, “Does the model
represent the system to an acceptable level?”” Validation of the model was performed
using the utilitarian approach. The utilitarian approach to validation looks at the model in
three aspects. One aspect of the approach is concerned with the model’s face validity.
This face validity deals with looking at the model and answering the question, “Does the
model look right?” The second aspect of the approach deals with the internal validity of
the model. This aspect of internal validity deals with the question, “Is the model
structured correctly?” The final aspect is that of predictive validity. Predictive validity
looks at the comparison between the inputs and outputs of the model. This validity was
explored by running the simulation using the assumed Poisson distributions for the
failure/demand rate of the item for both the high and the low demand rates and the
constant mean value for the depot repair time. These values for the failure/demand rates

and the depot repair times are located in Table 1.

TABLE 1

ACTUAL PARTS DATA

1 0.030604/32.6755 0.091812/10.89183 13
2 0.025674/38.9502 0.077021/12.9834 28
3 0.053349/18.74442 0.160048/6.24814 13
4 0.017775/56.26005 0.053324/18.75335 34
5 0.019679/50.81465 0.059038/16.93822 31
6 0.019897/50.25927 0.059690/16.75309 139
7 0.018283/54.69462 0.054850/18.23154 139
8 0.015310/65.31882 0.045929/21.77294 64
9 0.019517/51.23826 0.058550/17.07942 139
10 0.040520/24.67927 0.121560/8.226422 15
11 0.021248/47.06234 0.063745/15.68745 16
12 0.015030/66.5329 0.045090/22.17763 67
13 0.100968/9.904103 0.302905/3.301368 48
14 0.037053/26.98824 0.111160/8.99608 55
15 0.264498/3.780752 0.793493/1.260251 37
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By using the mean values of the actual data in the simulation moedel, the mean
aircraft availability derived from the simulation is the same as that of the actual run of the

AAM. This comparison answers the question of predictive validity.

Experimental Design
The experimental design consists of two approaches. The first approach is the
general or strategic approach. The second approach is the specific or tactical approach.

Strateaic Approach. The strategic approach of the test utilizes a full factorial

design to testing. In the full factorial design, each combination of possibilities of variables,
high and low, will be explored. This approach will explore all interactions and effects
between the variables. The test matrix for the simulation is shown below in Table 2. For
the values of the low and high levels, see the Data Gathering section earlier in this chapter.
This design will produce a three factor ANOVA with two levels on each factor. Common
random number streams were used in the simulations to ensure that the variances
encountered were due to the levels of the factors and not by random effects (Law and
Kelton, 1991:613-614). This created a repeated measures design and was evaluated using
the SAS system. Each condition was used for ten runs and thus a total of ten observations
for each condition was collected.

Tactical Approach. The tactical approach to planning the experiment deals with

planning each simulation run. At the start of each simulation run, the supply system will
be filled with all available assets. The model will then run for an established number of
quarters . This is to allow the pipeline to reach normal or filled conditions. This “warm-
up” period was established at 20 quarters by using the Welch graphical technique as
described in Law and Kelton (1991:545). These graphical plots are found in Appendix C.
Following this 20 quarter build up, the daily aircraft availability will be collected at

the beginning of each day. At the end of the quarter, or 90 days, the average aircraft
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availability for the quarter will be reported. This will continue for 25 quarters. The

variance of these 25 values will then be computed and used in the ANOVA test.

TABLE 2

EXPERIMENTAL DESIGN MATRIX

1

2 low low high
3 low high low
4 low high high
5 high low low
6 high low high
7 high high low
8 high high high

Note: See Data Gathering Section, Chapter III for values

Data Analysis

There will be two basic types of data analysis. The first type is for the hypothesis

tests to answer the first three investigative questions. That hypothesis is:

H,: There are no significant effects on aircraft availability
Ha: There is at least one significant effect on aircraft availability

By placing the ten observations of the variance of the aircraft availability into a
table, the ANOVA test can be performed on the observed variances the P-values will be
provided by the SAS system and the hypothesis will be evaluated.

The second type of analysis will be used to answer the fourth investigative
question. Once the observed variances of the conditions are calculated, an interval can be
established in which the value for aircraft availability may be in for that condition due to

normal randomness in the system.
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Summary

This chapter described the techniques used to build, run, and evaluate the
information required to answer the investigative questions. The experiment will begin
with the building of the simulation networks required to generate the data. Following this,
the mean variances for the individual runs is computed and used to input into the SAS
system to accomplish the ANOVA test. Once the ANOVA test is completed, the
hypothesis can be tested and the range of availabilities can be calculated.

The next chapter presents the data generated, the results of the ANOVA test, and
the results of the hypothesis testing. Following Chapter IV, Chapter V presents a

summary of the major findings of the study and the conclusions drawn from this research.
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IV. Data Analysis and Resulis

Introduction

This chapter describes the results of the data analysis in response to the
investigative questions. First, the results of the validation effort are discussed along with
some of the problems experienced. Following that discussion, the data analysis consisting
of the SAS system inputs, the resulting ANOVA test results, and the resulting intervals for

the conditions is presented.

Validation

In order to test the validation of the simulation networks, the results of the
simulation were compared to output from the Air Force’s AAM. To perform this
validation, two comparisons must be made, one at the low failure/demand rate and one at
the high failure/demand rate. Although the AAM normally takes all reparable components
on all aircraft in the inventory into account, the input files for the AAM were modified to
use the 15 parts used in the simulation and a total of 200 aircraft which was also used in
the simulation. When this was accomplished, the value for aircraft availability reported by
the AAM in the low failure/demand rate situation was 85.05% and the value for aircraft
availability reported by the AAM in the high failure/demand rate situation was 60.67%.

During the validation effort, two problems evolved relating to the calculation of
aircraft availability and in the depot repair times in the simulation networks. The first
problem came in the calculation of the aircraft availability. At first, aircraft availability was
not collected, the number of failed parts was. This number was collected as a time
persistent variable and each failure was accepted as generating one downed aircraft. The
aircraft availability can then be calculated easily. This method, however, does not account

for simultaneous failures of different parts on the same aircraft. This simulation led to
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consistently low calculations of aircraft availability by as much as 15%. Once this error
was discovered, the simulation was changed to collect the value of aircraft availability on a
daily basis and the calculation was used in the same manner in which it is applied in the Air
Force’s AAM. By calculating the aircraft availability based on each part and multiplying
those availabilities together, the calculation is performed in accordance with equation (4)
in Chapter II. This brought the simulated aircraft availabilities to within a couple percent
of the AAM’s value. These values, however, were also consistently low which led to the
identification of the other problem.

The other problem, although not as major as the first, was more difficult to find.
Because the assumption of two days for the order and ship time was used, two days was
also going to be used for the retrograde time to send the part to the depot for repair. This
value is included in the depot repair time for both the AAM and the simulations.

However, the depot repair times being used in the simulation did not make that
adjustment. Once this adjustment was made, the values for aircraft availability fell right in
line with those of the AAM. Figures 2 and 3 show the results of the simulation runs, the
mean of those runs and the AAM value. As is shown on the figures, the simulated value
for aircraft availability were 85.69% and 61.52% for the low and high failure/demand rates
respectively. With data this close, no significant difference is found between the

simulations and the AAM and thus the simulations are considered valid for this thesis

effort.
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Data Analysis

SAS Input. The input to the SAS program was derived from the output of the
simulation runs. In order to test if the treatments lead to significant differences in the
variance of aircraft availability, the aircraft availability generated from the simulation runs,
found in Appendix D, was calculated for each run and the resultant variances (expressed in
percentages) are found in Table 3. This table was then to be used as the input data into
the SAS program for the ANOVA test. However, one assumption behind the ANOVA
test is that the data between treatments must have an equal variance. In Table 4, the
variances of the treatments are given and it is obvious from the magnitude of the variances
that the data belong to three distinct populations. The division of the treatments into the
different populations is also shown in Table 4. The division between population one and
the other two is the difference between the low and high failure/demand rate variance.
The division between population two and population three is the difference between the
low and high failure/demand rate. Because of this separation of the data into different
populations, only population one will be tested using the ANOVA test and paired T-tests
will be performed within the other two populations. These paired T-tests will be
performed at the 99% confidence level.

In order to verify that the data from population one meets the equal variance
assumption, Bartlett’s test for equality of variances was done as described in Neter,
Wasserman and Kutner (1985:618-620). Using the data found in Table 5, a test statistic
of 1.194 was calculated. This statistic, when compared to the appropriate 2 value of 7.81
at the 95% level, is insufficient to reject the assumption of equal variances. Therefore, the

data in population one meets the assumption of equal variances for the ANOVA test.
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TABLE 3

VARIANCE TABLE

1 6.497 6.228 | 12.104 | 12.553 | 10.735 | 10.494 | 29.579 | 29.752
2 2.284 2374 | 5.193 5.235 5.043 5.141 11.447 | 29.752
3 4.688 4.736 | 7.523 7.423 18.027 | 17.476 | 23.748 | 24.572
4 2.256 2.290 | 7.060 7.219 9.057 8.933 16.505 | 16.931
5 7.590 7.084 | 11.490 | 11.051 | 14.777 | 14.072 | 30.200 | 31.218
6 10.086 9.921 | 15875 | 15.246 | 34.573 | 34.564 | 56.524 | 56.112
7 6.090 6.087 | 11.479 | 10.506 | 19.675 [ 19.421 | 24.510 | 24.176
8 3.053 3.022 | 7.563 7.765 10.589 [ 10.638 | 16.400 | 15.955
9 5.924 5.882 | 7.031 7.515 12.203 | 12.306 | 26.832 | 27.159
10 4.427 4.749 | 8.528 8.648 10.510 | 10.631 | 19.096 | 18.769

Note: Values are given in %’

TABLE 4

TREATMENT VARIANCES

6.127

5.528
10.486

8.978
67.994 X
67.219 X
156.584 X
131.504 X

e ltaltalle

RN [N N[V |

The other assumption behind the ANOVA test is that the data is taken from a
normal population. To verify this assumption, a Wilk-Shapiro test was performed on each
treatment in population one. In order to satisfy the Bonferoni inequality, each Wilk-

Shapiro test was performed at the 99% confidence level to insure an overall level of 95%.
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At the 99% confidence level, the Wilk-Shapiro value must be greater than 0.781 and as
shown in Table 6 the values of the Wilk-Shapiro test are given and all treatments are
acceptable. Therefore, all the treatments in population one meet the assumption of the

ANOVA test and the ANOVA was performed on population one.

TABLE 5

BARTLETT’S TEST OF EQUAL VARIANCES

1 6.12631 | 9 | 55.13679 | 1.812593 | 16.31333

2 5.528154| 9 | 49.75339 | 1.709854 | 15.38869

3 10.4863 | 9 | 94.37671 | 2.35007 | 21.15063

4 8.978463 | 9 | 80.80617 | 2.194829 | 19.75346

Totals 36| 280.0731 72.60611
MSE= 7.779807
Ln(MSE)= | 2.051532

TABLE 6

WILK-SHAPIRO RESULTS

1 0.9533
2 0.9371
3 0.9071
4 0.9279

SAS Results. The values for treatments one through four from the variance table
above, Table 3, were used as the input data for the ANOVA test to determine if any of the
factors had a significant effect on the variance of aircraft availability. The results of the

ANOVA are summed up in Table 7 and the corresponding P-values are presented in Table
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8. These P-values produced from the ANOVA test were then used to test for the
significance of the effect.

To do this, the P-value is compared to the acceptance level of the test. In order to
test all the effects at the 95% level, hypothesis testing was performed to satisfy the
Bonferoni inequality and each individual effect was tested at the 99% level (Law and
Kelton, 1991:568-572). By testing each effect at the 99% level, the p-value must be less
than 0.01 for the effect to be significant and as is shown in Table 8, the failure demand rate

has a significant effect on the variance of aircraft availability.

TABLE 7

ANOVA TEST SUMMARY

Failure/Demand Rate 1 167.018
Error (Failure/Demand Rate) | 9 17.879
Depot Repair Time Variance | 1 0.0365 0.4624

Error (Depot Repair 9 0.7096

Time Variance)
Failure/Demand Rate and 1 0.000697 0.000697 0.0120
Depot Repair Time Variance
Error (Failure/Demand Rate 9 0.5212 0.0579
and Depot Repair Time
Variance)
TABLE 8

P-VALUE TABLE

Depot Repair Time Variance
Failure/Demand Rate and 0.9925
Depot Repair Time Variance
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Paired T-Test Results. The results of the Paired T-tests are found in Table 9.

From the table, the p-values from the two tests are both greater than 0.01 and thus no

significance difference is found due to the depot repair time variance in either case.

TABLE 9

PAIRED T-TEST RESULTS

Mean 0.1512 1.9553
Degrees of Freedom 9 9
T-Statistic 1.66 1.07
P-Value 0.1314 0.3116

Overall Resulis. With the breakout of population one due to the failure/demand

rate variance, the failure/demand rate variance has a significant effect on the variance of
aircraft availability. Similarly, because of the difference between population two and three
due to the failure/demand rate and the failure/demand rate being significant from the
ANOVA, the failure/demand rate has a significant effect on the variance of aircraft
availability. With the combination of the ANOVA and the paired t-tests, the depot repair
time variance was shown to have no significant effect in all cases. Thus, at the 95% level,
the failure/demand rate variance, the failure/demand rate, and the interaction between the
two have a significant effect on the variance of aircraft availability.

Availability Intervals. From the simulation runs, variances of aircraft availability

were calculated. From these variances an interval can be established for each condition in
which the aircraft availability may fall. Therefore, if the system is known to meet the

conditions in the simulation, then the value of aircraft availability may fall in a range
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around that average aircraft availability found in an expected value model like the Air

Force’s AAM. In Table 10 below, those ranges are shown with the given condition.

TABLE 10

AIRCRAFT AVAILABILITY RANGES

5.29%" 2.30% +4.51%
5.24%"* 2.29% +4.49%
9.38%* 3.06% +6.00%
9.32%"* 3.05% +5.98%
14.52%* | 3.81% +7.47%
1437%* | 3.79% +7.43%
25.48%° | 5.05% +9.89%
27.44%* | 5.24% | +10.27%

e B RN Ko WAV, | NI JUL R § 9

Summary
This chapter presented the results of the simulation runs and the ANOVA test.

From the ANOVA test, it was shown that the failure/demand rate variance and the
failure/demand rate have significant effects on aircraft availability. Also, because these are
significant effects, large variation in aircraft availability can be experienced due strictly to
random effects.

The next chapter presents the major findings of this study and the conclusions
drawn from those findings. Also included in the next chapter are some recommendations

for future research related to this study.
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V. Recommendations and Conclusions

This chapter reviews the major issues presented in this study. First, the major
findings of the literature review are presented. Then the major results of the ANOVA and
the conclusions are presented. This chapter then concludes with some recommendations

for future research.

Literature Review Findings

From the literature réview, it was found that many assumptions are behind the
calculation of aircraft availability. The major assumption found was that of a Poisson
failure/demand rate distribution which allows for the calculation of aircraft availability by
way of the product rule in equation 4 in Chapter IV.

The other major finding of the literature review is that of the variables used in the
availability calculation. Of those variables, the mean values of the order and ship time, the
base repair time, the failure/demand rate, and the depot repair time are used in that
calculation. Because the mean values are used, that value of aircraft availability calculated
does not take into account the possibility of the actual value being other than the mean. In
actuality, if the values can be other than the mean, then the actual aircraft availability may
not be that calculated value and a range of aircraft availabilities is now possible. It is this

possibility of a range of values that led to this study.

Test Results

Failure/Demand Rate Variance. As was shown in Chapter IV, the original

ANOVA was reduced to just the treatments where the failure/demand rate variance level
was low, which indicates that the failure/demand rate variance has a significant effect on

aircraft availability.
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Failure/Demand Rate. The ANOVA results clearly indicate that the

failure/demand rate has a significant effect on the variance of the possible values of aircraft
availability for a low failure/demand rate variance. Also, because of the obvious
population difference between population two and three, the failure/demand rate has a
significant effect on aircraft availability for a high failure/demand rate variance.

Depot Repair Time Variance. From the ANOVA and also the two paired t-

tests, the depot repair time variance was shown to not have a significant effect on aircraft
availability. This finding agrees with the statement of Palm’s theorem that the repair time
can have any distribution.

Aircraft Availabilities. From the aircraft availability simulations it was shown

that the variation which may be experienced in actuality may range from the computed

value by as much as 10%.

Conclusions

Based on the variables used and the limited number of parts simulated, it is clear
that the values generated by the expected value models like the AAM are not complete
because the distribution of the input parameters is not taken into account. Therefore,
decisions made in the field based on meeting or not meeting an expected value generated
by the AAM should be examined carefully to ensure that the difference between the
expected value and the actual value is not due merely to random effects in the system.

To look at these findings in a much broader aspect, this situation could occur in
many situations. In any capability assessment model which uses the mean values for input
parameters, variances in the actual capability will lead to a range of actual values. As
before, each decision which is based on meeting a given level generated by a mean value
assessment model should be thoroughly examined to ensure that this random effect is

taken into account.
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Recommended Future Research

This investigation into aircraft availability is a good start, however, it was limited
in the number of parts simulated and the number of input parameters examined. In order
to find more accurate variances, an increase in the number of parts and including all the
input variables in the simulation should be accomplished. This could provide a more
accurate estimate of the ranges of aircraft availabilities.

Another aspect of this research which may be explored is that of changing the
failure/demand rate variances for the parts independently. Because the failure/demand rate
variance has a significant effect on the variance of aircraft availability, there may be some
effect on aircraft availability not uncovered in this research.

Finally, a detailed rebuilding of a new aircraft availability model which takes the
variance of the parameters into consideration would be very beneficial. From this type of
model, capability assessments could be made using a range of values and a most likely
value. This would automatically account for the randomness inherent in the system.
Thus, if the actual value were outside the range predicted by the new model, it would be
quickly noticed and the true cause of the difference could be investigated. Because only
values outside the predicted range would be investigated, this would save money by not

investigating all the differences except those outside the range.
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APPENDIX A: The Aircraft Availability Model Calculations

The following description of the this aircraft availability computation is taken from

The Aircraft Availability Model: Conceptual Framework and Mathematics, T.J. O’Malley,

June 1983.

Before the description of the mathematics begins, a list of the variables and their

meanings is presented. Following the list, the mathematics for the aircraft availability

model will be presented ending with the Aircraft Availability formula.

h
h(k)
k(h)

1

n
EBO;,
An),H
a
b,
P(

T;

MD or Mission Designator, e.g. F-15, F-16, B-1, C-17
MDS or Mission Designator Subtype, e.g. F-15C, F-15E, F-16A
Total number of MDS h(k) of a given MD h

A reparable component

Number of spares in stock

Expected Backorder of component i, with n spares in stock
Quantity of component i on MDS h(k)

Total number of components on MDS h(k)

Percentage of MDS h(k) with component i installed

The Probability of what is in the parenthesis

Total number of component i installed on MD h

The computation begins with calculating the probability of having a backorder for

a given reparable part. This probability is found by dividing the number of expected

backorders by the total number of components installed and is expressed in the equation:

EBO,
P(Backorder) = T = (A1)

i

Since having a backorder and not having a backorder are mutually exclusive and

exhaustive, the probability of not having a backorder is:

EBO.
P(No Backorder) = 1— P(Backorder) =1— - R (A2)

1
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And to apply this to an aircraft, we must use the multiplication rule of probabilities
and muliiply the probability by itself for each aircraft type. In doing this, the probability an

aircraft is not waiting for a spare part(no backorder) is:

EBO. (a(n(km)
P(Aircraft not waiting for spare of component 1) = (1 B = J (A3)

This probability can now be expanded to include all aircraft of MDS h(k). To do
this, the percentage of aircraft with component i will be brought into the equation. Since
those aircraft that do not have the component will never have a backorder for that
component, we will add that percentage of aircraft to the percentage of aircraft that do
have the component multiplied by the probability that an aircraft will have that component
backordered. If we denote qu,in as the probability that any aircraft of a given MDS is

not missing component i then we get equation A4.

(A4)

EBO (a(h(k).i))
—(1_— - in
q(h(k),i,n) - (1 b(h(k),i))+ b(h(k)i)(l T ]

i

Where 1-bgq,p is the percentage of aircraft that do not have the component.

Because not all aircraft are flown the same amount and items tend to break down
based on usage, the amount of usage of each component must be taken into account. To
do this, the time for each component is based on the flying hour program of the aircraft.
In the next set of equations, the flying hours of the components is calculated and what is
known as the Use Factor. The use factor is the average hours a component operates on a

MDS h(k) divided by the total hours a component operates. To begin a few more

variables will be defined:
Fuo Flying hours for MDS h(k)
F; Flying hours of component i
1P Total component flying hours for component i on all MDS h(k)
Thei Total number of component I on all MDS h(k)
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To calculate the amount of flying time on a given component we will take the
number of components on a MDS, multiply it by the percentage of MDS with that
component, and then multiply that by the flying hours of the MDS. This will give us the
flying time of a component on a MDS. To find this for all aircraft, we must sum up all the

MDS’s. When that is done we get equation A5 below.

K(h)
1P = ; & him b(h(k),i,n) ) Fh(k) (AS)

We then need to find the total number of components on all MDS’s. This is done
by multiplying the number of components on a MDS by the percentage of MDS with that
component and then multiplying that by the total number of MDS aircraft. This gives us

equation A6.

= b N (A6)

Taos = L~ Pancon " Nago
Using these two calculations, the Use Factor can now be calculated by dividing the
flying hours of the MDS by the total number of components on the MDS and then
dividing that result by the total component flying hours divided by the total number of

components. This is shown in equation A7.

(4
Th(k),i

Now that the Use Factor is computed, it can be incorporated into the probability

U

B

equation for an aircraft not missing a component. To do this, the number of expected
backorders is weighted with this use factor through multiplication. This yields equation

A8.

(A8)

i

U .EBO. 2 i)
—f{1_ . hi i,n
qh(k),i,n - (1 b(h(k),i))+ b(h(k),i) |:1 T :|
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We now weight the probability of aircraft MDS h(k) not missing a component by
the percentage of aircraft MDS h(k) of MD h. If N is the total number of MDS h(k)
and N, is the total number of MD h, the probability of aircraft MD h not missing a

component is:

K N
A 15}
Upiny = g( N (q(h(km))J (A9)
= "

)
Where Qg iS the probability that an aircraft of MD h is not missing component i
with n spares in stock.
To calculate the aircraft availability, we now take each probability of an aircraft of
MD h not missing component i and multiply then all together. This produces the final
aircraft availability and is shown by the simple equation, A10, below, where Ay is the

probability that an aircraft of MD h is not missing component L

A, =TT4,s, (A10)
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APPENDIX B: The Simulation Model

The following is a description of the simulation model, or network, used to answer
the investigative questions of the thesis. This description will begin with the listing of the

network and then the narrative description.

The Network

GEN,MIKE KAPITZKE,VALID LOW,6/6/1944,1.Y,Y,Y/Y,Y,Y/1,72;
LIMITS,15.4,500;
INITIALIZE, 4050,Y;
MONTR,SUMRY,1890,90;
MONTR,CLEAR,1800,90;
SEEDS,263546137(3),295296301(7);
ARRAY(1,4)/0.969860,0.999541,0.999995,1.000000;
ARRAY(2,4)/0.974653,0.999676,0.999997,1.000000;
ARRAY(3,4)/0.948049,0.998627,0.999976,1.000000;
ARRAY(4,4)/0.982382,0.999844,0.999999,1.000000;
ARRAY(5,4)/0.980513,0.999809,0.999999,1.000000;
ARRAY(6,4)/0.980300,0.999805,0.999999,1.000000;
ARRAY(7,4)/0.981883,0.999835,0.999999,1.000000;
ARRAY(8,4)/0.984807,0.999884,0.999999,1.000000;
ARRAY(9,4)/0.980673,0.999812,0.999999,1.000000;
ARRAY(10,4)/0.960290,0.999201,0.999989,1.000000;
ARRAY(11,4)/0.978976,0.999777,0.999998,1.0600000;
ARRAY(12,4)/0.985082.0.999888,0.999999,1.000000;
ARRAY(13,5)/0.903962,0.995233,0.999841,0.999996,1.000000;
ARRAY(14,4)/0.963625,0.999330,0.999992,1.000000;
ARRAY(15,6)/0.767591,0.970618,0.997468,0.999835,0.999991,1.000000;
ARRAY(16,6)/0,1,2,3,4.5;
NETWORK;
RESOURCE/1,81(0),1;
RESOURCE/2,52(0),2;
RESOURCE/3,83(0),3;
RESOURCE/4,54(0).4;
RESOURCE/5,85(0).5;
RESOURCE/6,56(0),6;
RESOURCE/7,87(0).7;
RESOURCE/8,58(0).8;
RESOURCE/9,59(0),9;
RESOURCE/10,510(0),10;
RESOURCE/11,511(0),11;
RESOURCE/12,812(0),12;
RESOURCE/13,S13(0),13;
RESOURCE/14,514(0),14;
RESOURCE/15,815(0),15;

COUNT CREATE,1,1800;
ACTIVITY;
ASSIGN, XX (16)=1-XX(1)/200,XX(17)=1-XX(2)/200,XX(18)=1-XX (3)/200,XX (19)=1-
XX(4)/200,XX(20)=1-XX(5)/200;
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ACTIVITY;
ASSIGN, XX(21)=1-XX(6)/200,XX(22)=1-XX(7)/200,XX(23)=1-XX(8)/200,XX(24)=1-
XX(9)/200,XX(25)=1-XX(10)/200;
ACTIVITY;
ASSIGN, XX(26)=1-XX(11)/200,XX(27)=1-XX(12)/200,XX(28)=1-XX(13)/200,XX(29)=
1-XX(14)/200,XX(30)=1-XX(15)/200;
ACTIVITY;
ASSIGN, XX (31)=XX(16)*XX(17)*XX(18)*XX(19)*XX(20),XX(32)=XX(21 y*XX (22)*XX(
23)EXK(24)*XK(25), XK (33)=XK(26)*KK(2T)*XX(28)*XX(29) *XX(30), XK (34)=XX(31)*
XX(32)*XX(33);
ACTIVITY;

AVAIL. COLCT,XX(34),AVAILABILITY;
ACTIVITY;
TERMINATE;

D1 CREATE,1,1;
ACTIVITY;

AD1 ASSIGN,ATRIB(4)=DPROBN(1,16,3),1;
ACTIVITY,, ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0,ZAAB;
TERMINATE;

ZAAB UNBATCHA4;

ACTIVITY;

SR1 ASSIGN,ATRIB(3)=1,ATRIB(2)=13;

ACTIVITY,,.DEPOT;

D2 CREATE,1,.1;
ACTIVITY;

AD2  ASSIGN,ATRIB(4)=DPROBN(2,16,3),1;
ACTIVITY,, ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4).NE.0.0,ZAAC;
TERMINATE;

7ZAAC UNBATCH.4;

ACTIVITY;

SRZ  ASSIGN,ATRIB(3)=2,ATRIB(2)=28;

ACTIVITY,, DEPOT;

D3 CREATE,L,1;
ACTIVITY;

AD3 ASSIGN,ATRIB(4)=DPROBN(3,16,3),1;
ACTIVITY,,ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0,ZAAD;
TERMINATE;

ZAAD UNBATCHJ4;

ACTIVITY;

SR3 ASSIGN,ATRIB(3)=3,ATRIB(2)=13;

ACTIVITY,,.,DEPOT;

D4 CREATE1,.1;
ACTIVITY;

AD4  ASSIGN,ATRIB(4)=DPROBN(4,16,3),1;
ACTIVITY, ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4).NE.0.0,ZAAE;
TERMINATE;

ZAAE UNBATCH4;

ACTIVITY;

SR4  ASSIGN,ATRIB(3)=4,ATRIB(2)=34;

ACTIVITY,,.DEPOT;
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D5

SRS

Dé6

ZAAG

SR6

D7

SR7

D8

SR8

D9

SR9

D10

CREATE,1,.1;

ACTIVITY;
ASSIGN,ATRIB(4)=DPROBN(5,16,3),1;
ACTIVITY, ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0,ZAAF;
TERMINATE;

UNBATCH /4;

ACTIVITY;
ASSIGN,ATRIB(3)=5,ATRIB(2)=31;
ACTIVITY,,.DEPOT;

CREATE.1,.,1;

ACTIVITY;
ASSIGN,ATRIB(4)=DPROBN(6,16,3),1;
ACTIVITY,, ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0,ZAAG;
TERMINATE;

UNBATCH 4;

ACTIVITY;
ASSIGN,ATRIB(3)=6,ATRIB(2)=139;
ACTIVITY,,.DEPOT;

CREATE,1,.1;

ACTIVITY;
ASSIGN,ATRIB(4)=DPROBN(7,16,3).1;
ACTIVITY,.ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4).NE.0.0,ZAAH;
TERMINATE;

UNBATCH 4;

ACTIVITY;
ASSIGN,ATRIB(3)=7,ATRIB(2)=139;
ACTIVITY,,,.DEPOT;

CREATE,1,.1;

ACTIVITY;
ASSIGN,ATRIB(4)=DPROBN(8,16,3),1;
ACTIVITY, ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4)NE.0.0,ZAAL
TERMINATE;

UNBATCH 4;

ACTIVITY;

ASSIGN,ATRIB(3)=8, ATRIB(2)=64;
ACTIVITY,,.DEPOT;

CREATE.1,.1;

ACTIVITY;
ASSIGN,ATRIB(4)=DPROBN(9,16,3),1;
ACTIVITY,,ATRIB(4).EQ.0.G;
ACTIVITY,,ATRIB(4).NE.0.0,ZAAJ;
TERMINATE;

UNBATCH 4,

ACTIVITY;
ASSIGN,ATRIB(3)=9,ATRIB(2)=139;
ACTIVITY,,,DEPOT;

CREATE,L,,1;
ACTIVITY;
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AD10  ASSIGN,ATRIB(4)=DPROBN(10,16,3),1;
ACTIVITY, ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4).NE.0.0,ZAAK;
TERMINATE;

ZAAX UNBATCH,4;

ACTIVITY;

SR10  ASSIGN,ATRIB(3)=10,ATRIB(2)=15;

ACTIVITY,,,.DEPOT;

D11 CREATE,1,.1;
ACTIVITY;

AD11  ASSIGN,ATRIB(4)=DPROBN(11,16,3),1;
ACTIVITY,, ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0,ZAAL;
TERMINATE;

ZAAl. UNBATCH4;

ACTIVITY;

SR11  ASSIGN,ATRIB(3)=11,ATRIB(2)=16;

ACTIVITY,,,DEPOT;

D12 CREATE.1,1;
ACTIVITY;

AD12  ASSIGN,ATRIB(4)=DPROBN(12,16,3),1;
ACTIVITY,,ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0,ZAAM;
TERMINATE;

ZAAM UNBATCH4;

ACTIVITY;

SR12  ASSIGN,ATRIB(3)=12,ATRIB(2)=67;

ACTIVITY,,.DEPOT;

D13 CREATELl;
ACTIVITY;

ADI3  ASSIGN,ATRIB(4)=DPROBN(13,16,3),1;
ACTIVITY,, ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4).NE.0.0,ZAAN;
TERMINATE;

ZAAN UNBATCHA4;

ACTIVITY;

SR13  ASSIGN,ATRIB(3)=13,ATRIB(2)=48;

ACTIVITY,,,DEPOT;

Di4  CREATE,L;
ACTIVITY;

AD14  ASSIGN,ATRIB(4)=DPROBN(14,16,3).1;
ACTIVITY,, ATRIB(4).EQ.0.0;
ACTIVITY, ATRIB(4) NE.0.0,ZAAO;
TERMINATE;

ZAAO UNBATCH4;

ACTIVITY;

SR14  ASSIGN,ATRIB(3)=14,ATRIB(2)=55;

ACTIVITY,, DEPOT;

D15  CREATE,LL;
ACTIVITY;

AD15  ASSIGN,ATRIB(4)=DPROBN(15,16,3),1;
ACTIVITY,.,ATRIB(4).EQ.0.0;
ACTIVITY,, ATRIB(4).NE.0.0.ZAAP;
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TERMINATE;

ZAAP UNBATCH,.4;
ACTIVITY;

SR15  ASSIGN,ATRIB(3)=15,ATRIB(2)=37;
ACTIVITY,,.DEPOT;

DEPOT ASSIGN,JJI=ATRIB(3), XXID)=XX{1I)+1;
ACTIVITY/1,ATRIB(2);
ACTIVITY,,.SUP,
ALTER,ATRIB(3),+1;

ACTIVITY;
TERMINATE;

SUP AWAIT(ATRIB(3)=1,15),ATRIB(3);
ACTIVITY ,2,,;0ST;
ALTER,ATRIB(3),-1;

ACTIVITY,, FREE;

FREE FREE,ATRIB(3);

ACTIVITY; .
FILD ASSIGN JI=ATRIB(3), XX(I)=XX({I)-1;
ACTIVITY;
TERMINATE;
END;
FIN;

The Control Statements

The discussion of the network begins with the control statements. The control
statements are used in the network to establish initial and operating conditions for the
simulation runs. The simulation is set to run for 1800 days and then the statistical array
for the variable XX(34) will be cleared and the simulation will run for another 2250 days.
Each 90 days after the first 1800 days, the value of XX(34) will be provided and the
statistical array will then be cleared for the next 90 days. This provides for 25 quarters of

data for testing.
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The SEEDS statement is used to change the random number seed for the particular
run and a list of those seeds for the ten runs is found in Table 6. The ARRAY statements
are used to generate a sample for the failure/demand of the component. These ARRAY
statements are used to create a table of the cumulative density functions of the various

failure/demand rates and samples are drawn for each part.

TABLE 11

RANDOM NUMBER SEEDS

1 295296301
2 792106907 901460045
3 110084275 342508323
4 659906551 342636611
5 818254439 028117453
6 442880995 084378253
7 420699949 558556941
8 711941873 854753685
9 406321321 743342539
10 069106341 885306059

The Main Network

| Immediately following the network statement is the main simulation network. The
main network is divided into five major components. Those components are the resources
or stock, the availability collection, the demands, the repairs, and the resupplies.

The Resources The resources in the network represent the amount of

uninstalled stock in the system. Each reparable item is represented in the network by the
numbers one through 15. For each of the 15 RESOURCE statements, the resource
number represents the number of the resource, the number of the part, and the number of

the file the entities will wait in for that part to get repaired. These resources are used in
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the simulation to represent the amount of uninstalled stock in the supply system. The
number of units of the resource at the beginning of the simulation runs represents the extra
stock in the supply system for the corresponding part. For example, if a part never fails
and all aircraft have the part installed, then whatever is left in the supply system, no matter
where it is in the supply system, is the amount of extra stock or, in the network, the

resource.

The Availability Collection The collection of the aircraft availability data begins
on day 1800. At that day, and each day after, the individual availabilities computed from
the individual components is calculated using the ASSIGN nodes. Then all the
availabilities are multiplied together to compute the system aircraft availability. This
availability is then collected and at the end of 90 days, or one quarter, the average
availability is reported, the statistical collection is cleared, and the process continues with
the next quarter’s collection.

The Demands The demands, or failures, for each of the parts is represented in

the network by the CREATE nodes. Each CREATE node represents the failure of a
reparable item. Following each create node an activity flows into an ASSIGN node. The
purpose of this ASSIGN node is to check if on that day a failure for that part will be
generated. This is accomplished by taking a random sample from the ARRAY table in the
control statements. If there is not to be a failure, the entity is terminated. If there is to be
a failure, the entity continues through the system. The next ASSIGN node serves two
purposes in the network. The first purpose is to assign to ATRIB(2) of each entity the
repair time it will require. The second purpose is to assign to ATRIB(3) of each entity the
file in which the entity will wait for the repaired component. The activities from each
ASSIGN node lead to the ASSIGN node “DEPOT.” For each failure, this ASSIGN node
adds the value of one to the part’s corresponding global variable (XX(1) through

XX(15)). This variable represents the number of grounded aircraft from that part which is
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used to calculate the aircraft availability. After this ASSIGN node, the network branches
into the repair process and the resupply process.

The Repairs ACTIVITY 1 represents the actual repair of the item. The duration
of the repair for the part is established in the demands section of the network in the
ASSIGN node and is assigned to ATRIB(2) of each entity. Therefore, the duration of
ACTIVITY 1 is specified as ATRIB(2). Once ACTIVITY 1 is completed, the item is
considered repaired and the resource is adjusted to indicate the repaired item has been
placed in the supply system and is ready for issue. The adjustment of the resource is
accomplished in the ALTER node and the resource, indicated by ATRIB(3) of the entity,
is altered up by one.

The Resupply Resupply of the item is represented by the AWAIT node in the

network. At the AWAIT node, the entity must wait until a resource, indicated by
ATRIB(3) of the entity, becomes available. When a resource is available for that entity,
the entity enters the shipping ACTIVITY which represents sending the item to the base
for installation. This shipment is represented by ACTIVITY 2 and the duration of the
shipping process is two days. When the entity completes ACTIVITY 2, it encounters an
ALTER node. This ALTER node, in conjunction with the FREE node following it
represent the removal of the repaired item from the supply system. Following this
combination of nodes, an ACTIVITY leads to an ASSIGN node where the number of

grounded aircraft is decreased by one to represent the item being installed on the aircraft.
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APPENDIX C: Welch’s Graphical Procedure for Steady State

This appendix shows the results of the Welch’s graphical procedure for
determining the “warm-up” period for the simulation models. This “warm-up” period is
the time required by the simulation to reach a steady state condition before data is
collected in the simulation. Not collecting data during this “warm-up” period ensures that
the transient effects of the entities filling the system are not present in the collected data.

To perform this test, the simulation was executed for each treatment for 20
quarters. During this time, the number of failures was collected every five days. Using:
the procedure described in Law and Kelton (1991:545) with a window of 40 observations,
the following plots were generated for each of the eight treatments. From these plots, it
was determined that a period of 20 quarters for each treatment and all data runs is

sufficient for the simulations to achieve steady state.
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Figure 4. Welch Test for Treatment Number 1
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Appendix D: Aircraft Availability Data

This appendix is a summary of the values of aircraft availability generated by the
simulation runs. Each table represents a different treatment with the columns representing
the different runs. Each treatment represents a different combination of factor levels and
each run represents a different execution of the simulation model with different random
number seeds. Following these tables is a table which presents the mean aircraft

availabilities and the variances for the runs in the treatments.
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TABLE 12

TREATMENT NUMBER 1 AIRCRAFT AVAILABILITIES

.30%| 88. % . % .60% .80%j 86.00%| 88. 0”8 90%| 86.70%| 84.40%
2 84.70%| 84.90%| 86.10%| 84.20%| 84.50%| 84.90%| 83.40%| 88.00%| 89.40%| 88.10%
3 85.10%)| 85.10%| 87.60%| 82.10%| 83.30%| 85.70%| 84.60%| 84.40%| 88.40%| 87.60%
4 84.70%)| 86.70%| 83.80%| 84.50%| 87.90%| 77.50%| 87.10%| 86.70%| 83.00%| 82.50%
5 89.10%| 88.00%| 84.60%| 86.30%| 88.20%| 85.50%| 83.60%| 82.50%| 85.10%| 82.50%
6 88.20%| 85.30%| 82.20%| 85.50%| 84.50%] 85.40%| 85.80%]| 85.90%| 84.30%| 88.40%
7 83.10%| 87.30%| 82.40%| 83.10%| 83.70%| 91.50%| 80.20%| 86.60%| 84.00% 86.40%
8 86.30%| 85.40%| 87.00%| 86.70%| 88.10%| 90.80%| 86.30%| 86.10%| 82.70%| 84.50%
9 83.70%| 83.90%| 84.00%| 87.20%| 86.90%| 88.70%| 86.10%| 88.40%| 87.70%| 85.40%
10 85.90%| 88.00%| 86.20%| 85.50%| 83.50%| 85.90%| 87.60%| 82.00%| 86.50%| 84.30%
11 86.50%| 84.50%| 83.70%| 86.50%| 87.40%)| 84.70%| 85.10%| 83.20%| 89.30%| 82.80%
12 85.60%| 87.50%| 88.10%| 87.20%| 86.20%| 85.00%| 83.10%| 86.50%| 81.80%| 81.10%
13 87.80%| 87.80%| 81.50%| 87.20%| 87.20%| 84.90%| 82.90%| 86.80%| 87.20%| 87.20%
14 87.70%| 87.70%| 84.40%| 86.40%| 80.70%| 84.60%| 81.30%| 85.00%| 84.40%| 85.90%
15 89.00%)| 85.10%| 85.00%| 84.80%| 81.70%| 88.10%| 79.60%| 86.10%| 87.50%| 88.70%
16 84.10%| 85.40%| 85.20%| 84.00%| 85.10%| 83.10%| 83.90%]| 84.50%! 85.90%| 86.60%
17 79.40%)| 86.80%)| 86.10%| 86.40%)| 87.00%| 80.60%} 83.70%| 85.70%| 80.50%| 87.20%
18 80.00%| 89.20%| 89.30%| 87.30%| 81.90%| 82.30%| 81.20%)| 88.30%| 82.70%| 88.60%
19 87.30%| 84.70%| 84.10%| 85.40%| 82.90%)] 83.60%| 84.00%| 84.70%} 84.50%| 85.40%
20 86.00%| 87.80%| 85.30%| 87.30%| 86.50%| 87.90%| 87.30%| 86.10%| 89.40%| 85.10%
21 83.40%| 86.60%| 86.00%| 86.10%| 87.00%| 87.60%| 88.50%| 84.70%| 86.00%| 85.80%
22 85.30%]| 86.10%| 84.00%| 85.60%| 87.00%| 87.90%| 83.30%| 87.40%| 85.80%| 85.10%
23 86.90%| 88.20%| 79.70%| 86.50%| 80.30%| 88.60%| 85.90%| 86.50%| 86.00%| 85.60%
24 89.60%| 88.50%| 85.30%| 87.20%| 82.60%| 81.40%| 84.00%| 84.20%| 87.30%| 85.40%
25 86.60%| 87.10%| 82.10%| 82.70%| 89.30%] 82.60%| 87.80%| 86.50%| 87.90%| 88.90%
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TABLE 13

TREATMENT NUMBER 2 AIRCRAFT AVAILABILITIES

1 88.00%]| 88.90%| 85.10%| 85.50%| 80.20%| 85.90%| 88.10%| 82.80%| 86.70%| 84.30%
2 85.00%| 84.70%| 85.50%| 84.00%)| 84.20%| 84.80%| 83.60%| 88.20%| 89.40%| 87.80%
3 85.20%| 84.70%| 87.50%| 81.90%| 83.70%| 85.80%| 84.30%| 84.20%| 88.20%} 87.60%
4 84.70%)| 86.50%)| 84.00%)| 84.90%| 87.70%| 77.60%| 87.30%| 86.30%| 83.10%| 82.70%
5 88.90%| 88.40%| 84.40%)| 86.60%| 87.90%| 85.40%| 83.70%| 82.70%| 85.30%| 81.90%
6 88.20%]| 85.50%| 82.20%)| 85.60%| 84.60%| 85.40%| 85.90%| 85.60%| 84.20%| 88.50%
7 83.00%| 87.20%| 82.50%| 83.40%| 83.60%]| 91.20%| 80.10%| 86.90%| 84.20%| 86.60%
8 85.90%| 85.70%| 87.10%)| 86.90%| 87.90%| 90.50%| 85.80%| 86.30%| 82.80%| 84.80%
9 84.00%)| 83.80%| 84.30%| 86.70%)| 87.20%| 88.80%] 86.50%| 88.60%| 87.60%| 85.40%
10 86.00%| 87.50%| 86.30%)| 85.30%| 83.90%| 85.90%| 87.90%| 82.10%| 86.40%| 84.10%
11 86.60%)| 85.10%| 84.20%| 86.80%)| 87.00%| 84.80%| 85.10%| 83.60%| 89.40%| 82.50%
12 86.20%| 87.60%| 88.10%| 87.60%| 86.00%| 84.70%| 83.60%| 86.30%| 81.60%| 81.10%
13 88.10%| 87.90%| 81.30%| 87.00%| 86.70%| 85.10%| 83.10%| 86.80%)| 87.50%| 87.10%
14 87.50%)| 87.80%| 84.40%| 86.10%| 80.60%| 84.80%| 81.00%| 85.30%| 84.80%| 85.70%
15 89.20%| 85.20%| 85.20%)| 85.10%| 81.50%| 87.80%| 80.00%| 86.30%| 87.60%| 88.70%
16 84.20%| 85.10%| 85.10%| 83.80%| 84.80%| 82.90%| 84.00%| 84.30%| 85.90%| 86.90%
17 79.50%)| 86.80%| 86.00%| 86.30%)| 86.60%| 80.40%| 83.90%| 85.50%| 80.50%| 87.20%
18 80.50%)| 89.10%| 89.80%| 87.00%| 82.00%| 81.90%| 81.30%| 88.10%| 82.60%| 88.60%
19 87.10%]| 84.80%| 84.30%| 85.90%| 82.40%| 84.00%| 84.20%| 84.60%| 85.00%| 85.40%
20 86.10%| 87.80%| 85.20%| 87.50%| 87.00%)| 87.70%| 87.60%| 86.50%| 89.40%| 84.70%
21 83.20%]| 86.40%| 86.20%)| 86.30%| 86.70%| 87.70%| 88.60%| 85.10%| 86.00%| 85.90%
22 85.10%| 85.70%| 84.10%| 85.50%| 87.00%| 88.20%| 83.20%| 87.40%| 85.70%)| 85.10%
23 87.10%]| 88.60%| 79.90%)| 86.20%| 80.60%| 88.30%| 85.90%| 86.60%| 85.90%| 85.70%
24 89.50%| 88.50%| 85.10%| 86.90%| 82.70%| 81.30%| 84.10%| 84.10%| 87.30%| 85.20%
25 86.60%)| 87.10%| 82.00%| 82.50%| 89.40%| 82.40%| 87.50%| 86.40%| 87.90%| 89.20%
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TABLE 14

TREATMENT NUMBER 3 AIRCRAFT AVAILABILITIES

30% | 64.00% | 62.50% | 61 10% | 63.20% | 64.10% | 59.80% | 63.10% | 60.90%
2 |61.80% | 58.20% | 62.40% | 59.10% | 61.40% | 60.20% | 60.00% | 64.00% | 65.10% | 65.30%
3 | 61.50% | 60.80% | 63.30% | 55.60% | 60.00% | 60.70% | 60.10% | 59.30% | 62.50% | 64.60%
4 |58.50% | 62.30% | 61.30% | 59.20% | 64.00% | 54.50% | 64.00% | 59.50% | 59.00% | 58.50%
5 [65.30% | 65.40% | 60.10% | 60.90% | 62.30% | 61.70% | 60.20% | 57.90% | 59.60% | 56.70%
6 | 61.40% | 61.00% | 57.40% | 59.50% | 57.30% | 59.80% | 60.70% | 63.00% | 60.80% | 63.10%
7 155.90% | 64.20% | 59.80% | 56.30% | 56.90% | 68.40% | 52.90% | 66.30% | 60.00% | 62.10%
8 |59.50% | 63.50% | 62.60% | 63.90% | 63.90% | 66.80% | 61.80% | 61.90% | 59.90% | 61.50%
9 |59.70% | 62.00% | 59.50% | 64.10% | 61.60% | 65.30% | 60.50% | 66.00% | 64.10% | 61.30%
10 [63.90% | 66.70% | 62.70% | 61.30% | 59.50% | 62.80% | 64.40% | 55.90% | 62.80% | 62.30%
11 |66.40% | 62.60% | 58.80% | 62.40% | 63.50% | 61.80% | 63.60% | 58.10% | 65.90% | 55.60%
12 |62.20% | 62.50% | 65.70% | 62.90% | 64.40% | 57.90% | 63.60% | 63.60% | 56.20% | 56.20%
13 |65.70% | 64.00% | 56.80% | 62.80% | 64.70% | 59.70% | 59.70% | 62.40% | 61.90% | 64.30%
14| 65.50% | 63.10% | 61.40% | 63.00% | 54.70% | 59.50% | 55.90% | 63.50% | 61.70% | 63.30%
15 | 65.70% | 61.60% | 64.30% | 59.00% | 58.40% | 64.80% | 54.80% | 59.40% | 66.50% | 68.50%
16 | 61.00% | 62.20% | 62.80% | 60.90% | 59.50% | 60.20% | 59.60% | 61.10% | 62.10% | 64.50%
17| 54.80% | 63.90% | 62.70% | 64.00% | 64.20% | 55.90% | 57.70% | 63.60% | 57.60% | 62.70%
18 | 55.00% | 68.20% | 65.60% | 62.80% | 59.30% | 55.50% | 57.10% | 64.60% | 58.00% | 63.70%
19 | 64.30% | 63.40% | 59.70% | 61.40% | 60.10% | 58.60% | 60.80% | 58.50% | 59.60% | 63.00%
20 | 64.80% | 65.00% | 61.60% | 65.00% | 62.60% | 64.50% | 66.20% | 62.20% | 65.00% | 61.70%
21 |59.80% | 63.50% | 61.70% | 65.20% | 60.70% | 65.60% | 64.20% | 61.30% | 63.00% | 60.80%
22 |58.80% | 62.10% | 61.80% | 63.00% | 63.00% | 67.10% | 56.80% | 61.40% | 62.10% | 62.70%
23 |62.30% | 68.40% | 54.50% | 62.10% | 56.50% | 64.80% | 61.30% | 63.00% | 63.50% | 63.30%
24 | 64.30% | 65.40% | 58.40% | 62.50% | 59.70% | 58.80% | 60.60% | 61.30% | 62.70% | 60.70%
25 | 58.60% | 65.30% | 57.40% | 56.10% | 69.70% | 54.50% | 65.10% | 66.40% | 64.30% | 63.90%
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TABLE 15

TREATMENT NUMBER 4 AIRCRAFT AVAILABILITIES

1 65.50% | 63.80% | 61.80% | 61.00% | 56.40% | 63.30% | 64.10% | 59.20% | 62.90% | 61.00%
2 61.30% | 57.60% | 62.40% | 59.30% | 61.50% | 59.90% | 59.70% | 63.80% | 65.00% | 65.60%
3 61.90% | 60.80% | 63.20% | 55.70% | 60.00% | 60.00% | 60.20% | 59.00% | 62.50% | 64.60%
4 58.80% | 62.20% | 61.10% | 59.30% | 64.10% | 54.20% | 63.50% | 59.50% | 59.30% | 58.30%
5 65.50% | 65.20% | 60.30% | 60.90% | 62.60% | 62.00% | 59.90% | 57.90% | 60.30% | 56.50%
6 61.30% | 61.20% | 57.90% | 59.10% | 57.70% | 59.90% | 60.90% | 63.00% | 61.00% | 62.80%
7 55.60% | 64.30% | 59.40% | 56.50% | 56.60% | 68.30% | 53.10% | 66.10% | 60.00% | 61.70%
8 59.60% | 63.50% | 62.60% | 64.10% | 63.80% | 66.80% | 61.80% | 62.10% | 59.60% | 61.80%
9 59.60% | 62.30% | 59.30% | 64.20% | 61.80% | 65.60% | 60.70% | 65.80% | 64.10% | 61.20%
10 |63.80% | 66.80% | 62.50% | 61.10% | 59.10% | 62.80% | 64.20% | 55.50% | 63.20% | 62.40%
11 | 66.10% | 62.60% | 59.30% | 62.80% | 62.80% | 62.20% | 63.30% | 58.00% | 66.10% | 55.70%
12 |62.20% | 62.40% | 66.10% | 62.80% | 64.30% | 57.60% | 63.20% | 63.50% | 55.80% | 56.00%
13 |66.30% | 64.10% | 56.30% | 63.10% | 64.50% | 60.00% | 59.40% | 62.70% | 62.00% | 64.10%
14 |65.60%|63.30% | 61.20% | 62.90% | 54.70% | 59.90% | 56.00% | 63.40% | 62.10% | 63.50%
15 |65.90%|61.70% | 64.30% | 59.30% | 57.80% | 64.10% | 54.90% | 59.70% | 66.70% | 67.90%
16 |60.90% | 62.40% | 62.30% | 60.90% | 59.30% | 60.10% | 60.40% | 61.00% | 62.10% | 64.60%
17 |55.10% | 63.60% | 62.50% | 64.40% | 63.70% | 56.10% | 58.20% | 63.60% | 57.40% | 62.70%
18 | 54.80% | 67.80% | 66.10% | 63.10% | 59.40% | 55.90% | 57.20% | 64.80% | 57.50% | 64.00%
19 |63.60% | 63.20% | 60.30% | 61.00% | 60.10% | 58.30% | 60.80% | 58.10% | 59.40% | 63.00%
20 | 64.50% | 64.70% | 61.40% | 65.00% | 62.40% | 64.10% | 66.10% | 62.10% | 64.60% | 61.70%
21 |59.60% | 63.10% | 61.20% | 65.00% | 60.70% | 65.20% | 64.10% | 61.50% | 62.90% | 60.80%
22 |58.40%|62.10% | 61.30% | 62.80% | 63.20% | 66.90% | 57.20% | 61.40% | 62.20% | 63.40%
23 | 62.40% | 68.60% | 54.70% | 62.40% | 56.60% | 64.60% | 61.60% | 62.90% | 63.60% | 63.30%
24 | 64.20% | 65.40% | 58.20% | 62.40% | 59.60% | 58.50% | 60.90% | 61.40% | 63.10% | 60.60%
25 | 57.90% | 64.90% | 57.80% | 55.80% | 69.40% | 55.00% | 64.80% | 66.10% | 64.60% | 64.20%
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TABLE 16

TREATMENT NUMBER 5 AIRCRAFT AVAILABILITIES

1 | 94.50% | 93.80% | 87.50% | 89.30% | 78.50% | 90.90% | 89.60% | 83.30% | 91.70% | 83.60%
2 |86.10% | 86.70% | 92.00% | 87.80% | 85.40% | 90.70% | 83.60% | 93.70% | 91.20% | 86.30%
3 |85.50% | 87.50% | 91.50% | 83.80% | 82.20% | 90.20% | 83.50% | 82.90% | 91.10% | 85.70%
4 |8540% | 89.10% | 85.40% | 89.20% | 86.30% | 76.40% | 90.00% | 89.70% | 82.60% | 82.10%
5 [92.60% | 89.30% | 87.50% | 89.80% | 90.80% | 87.20% | 85.20% | 82.60% | 86.60% | 83.00%
6 |90.00% | 88.70% | 79.40% | 81.20% | 86.60% | 86.90% | 88.50% | 82.30% | 85.70% | 90.70%
7 | 86.60% | 89.60% | 82.60% | 87.50% | 85.80% | 99.50% | 81.10% | 87.90% | 85.10% | 90.50%
8 | 88.20% | 90.00% | 88.70% | 92.60% | 90.30% | 97.50% | 86.80% | 88.60% | 86.60% | 87.00%
9 |86.30% | 86.00% | 86.70% | 88.30% | 87.80% | 89.80% | 86.80% | 92.40% | 89.90% | 86.10%
10 |90.00% | 89.40% | 89.00% | 84.40% | 86.90% | 88.50% | 93.20% | 85.70% | 89.50% | 84.10%
11| 87.90% | 84.20% | 83.30% | 88.30% | 88.20% | 86.60% | 82.50% | 89.20% | 93.50% | 86.90%
12 |86.00% | 92.10% | 91.30% | 89.50% | 88.20% | 88.60% | 83.50% | 85.20% | 81.50% | 82.30%
13| 93.00% | 89.70% | 76.20% | 90.50% | 90.40% | 84.80% | 85.30% | 88.90% | 91.20% | 87.60%
14 |91.10% | 89.90% | 82.50% | 86.80% | 80.20% | 86.10% | 81.80% | 85.70% | 87.80% | 38.00%
15 |93.00% | 86.60% | 90.10% | 86.20% | 84.80% | 87.70% | 81.50% | 87.60% | 91.20% | 93.20%
16 |87.10% | 83.50% | 90.80% | 81.30% | 86.70% | 81.00% | 84.80% | 85.00% | 85.40% | 91.40%
17 | 81.10% | 90.20% | 87.20% | 87.80% | 89.90% | 73.70% | 79.20% | 87.70% | 79.80% | 90.60%
18 | 81.60% | 94.50% | 92.90% | 89.20% | 84.40% | 78.20% | 75.10% | 91.40% | 85.60% | 90.40%
19 [90.10% | 89.10% | 82.50% | 87.60% | 81.00% | 81.30% | 85.50% | 86.90% | 86.90% | 81.70%
20 [90.50% | 91.20% | 85.50% | 89.50% | 90.00% | 86.90% | 90.30% | 89.90% | 93.10% | 87.80%
21 | 83.10% | 89.50% | 87.90% | 83.50% | 90.00% | 88.50% | 93.10% | 90.20% | 89.90% | 87.40%
22 |87.60% | 87.90% | 83.70% | 82.60% | 89.30% | 90.80% | 86.50% | 94.00% | 89.20% | 88.20%
23 | 88.30% | 89.40% | 82.40% | 88.20% | 78.10% | 92.50% | 87.80% | 88.50% | 87.30% | 90.00%
24 |89.90% | 90.40% | 90.00% | 88.40% | 84.10% | 82.20% | 86.60% | 87.60% | 86.80% | 83.80%
25 | 88.80% | 90.70% | 82.80% | 83.20% | 90.80% | 87.10% | 93.20% | 89.50% | 83.10% | 89.90%
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TABLE 17

TREATMENT NUMBER 6 AIRCRAFT AVAILABILITIES

T 194.30% | 93.70% | 87.60% | 89.30% | 79.20% | 90.90% | 89.50% | 83.50% | 91.40% | 83.60%
7 86.10% | 86.60% | 91.90% | 87.90% | 85.70% | 90.90% | 83.50% | 93.50% | 91.10% | 85.90%
3 185.50% | 87.40% | 91.60% | 83.80% | 82.20% | 90.20% | 83.40% | 82.30% | 90.50% | 85.40%
4 184.70% | 89.10% | 85.40% | 89.00% | 86.00% | 76.40% | 89.50% | 89.40% | 82.60% | 82.00%
5 [92.80% | 88.90% | 87.40% | 89.30% | 91.00% | 87.10% | 85.30% | 82.70% | 86.50% | 82.80%
6 190.00% | 88.80% | 79.20% | 81.50% | 86.60% | 87.00% | 83.90% | 82.30% | 85.30% | 90.50%
7 186.60% | 89.80% | 82.50% | 87.90% | 85.40% | 99.50% | 81.10% | 87.90% | 85.30% | 90.60%
8 188.10% | 90.00% | 83.80% | 92.70% | 90.50% | 97.50% | 86.60% | 88.40% | 86.60% | 87.00%
9 186.30% | 85.80% | 86.70% | 83.40% | 87.70% | 90.00% | 86.70% | 92.40% | 89.70% | 86.10%
10 189.80% | 89.60% | 88.70% | 84.50% | 86.70% | 88.20% | 93.10% | 85.70% | 89.90% | 83.70%
11 [87.80% | 84.20% | 83.50% | 88.60% | 83.10% | 86.80% | 82.40% | 89.30% | 93.70% | 86.70%
12 [85.90% | 92.10% | 90.70% | 89.30% | 88.30% | 88.50% | 83.30% | 85.10% | 81.20% | 82.40%
13 192.80% | 89.60% | 76.20% | 90.60% | 90.70% | 84.90% | 85.60% | 83.90% | 91.30% | 88.40%
12 [91.20% | 89.70% | 83.20% | 87.00% | 80.40% | 85.90% | 82.00% | 85.80% | 87.50% | 87.90%
15 192.90% | 86.70% | 90.30% | 86.10% | 85.30% | 87.60% | 82.00% | 87.60% | 91.00% | 93.20%
6 [87.00% | 88.40% | 90.70% | 81.10% | 86.40% | 80.90% | 84.90% | 84.90% | 85.20% | 91.50%
17 [81.20% | 90.30% | 87.30% | 87.80% | 90.00% | 73.70% | 78.90% | 87.90% | 79.80% | 90.40%
18 182.00% | 94.60% | 92.70% | 89.30% | 84.60% | 78.40% | 75.20% | 91.40% | 85.80% | 90.10%
19 190.00% | 89.10% | 82.60% | 87.70% | 80.50% | 81.30% | 85.80% | 86.80% | 87.40% | 81.90%
20 190.30% | 91.10% | 85.70% | 89.70% | 89.40% | 87.20% | 90.10% | 89.90% | 93.40% | 87.30%
31 [88.00% | 89.50% | 87.60% | 83.60% | 90.00% | 88.50% | 93.10% | 90.30% | 89.80% | 87.30%
2 187.80% | 87.70% | 85.40% | 82.60% | 89.10% | 90.60% | 86.70% | 94.00% | 88.90% | 88.20%
33 188.30% | 89.60% | 82.40% | 88.00% | 78.60% | 92.60% | 87.80% | 88.60% | 87.10% | 90.20%
24 190.00% | 90.10% | 89.80% | 88.20% | 84.30% | 82.10% | 86.60% | 87.40% | 87.10% | 83.80%
35 88.70% | 90.80% | 82.90% | 83.30% | 90.80% | 86.50% | 93.30% | 89.30% | 88.20% | 89.90%
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TABLE 18

TREATMENT NUMBER 7 AIRCRAFT AVAILABILITIES

1 73.40% | 73.70% | 65.50% | 65.50% | 57.90% | 67.50% | 70.10% | 63.90% | 70.00% | 66.60%
2 166.00% | 69.40% | 68.00% | 62.80% | 66.30% | 64.60% | 61.10% | 73.70% | 74.50% | 69.40%
3 65.60% | 65.20% | 71.00% | 56.10% | 61.30% | 65.70% | 63.90% | 66.90% | 70.70% | 67.00%
4 63.20% | 67.10% | 66.40% | 66.10% | 70.60% | 50.80% | 70.30% | 70.60% | 62.00% | 59.40%
5 75.10% | 71.50% | 64.60% | 68.20% | 71.20% | 63.90% | 61.60% | 63.60% | 67.30% | 58.10%
6 |70.40% |64.60% | 59.10% | 63.60% | 63.80% | 67.60% | 65.00% | 67.00% | 61.50% | 75.30%
7 59.70% | 71.20% | 61.90% | 59.80% | 61.50% | 85.40% | 57.60% | 68.60% | 66.40% | 70.70% |
8 | 64.90%|72.80%|73.00% | 71.10% | 70.90% | 82.00% | 66.90% | 66.10% | 60.80% | 65.40%
9 63.70% | 66.60% | 65.30% | 69.20% | 66.40% | 71.40% | 68.40% | 72.10% | 71.80% | 67.20%
10 | 67.60% | 70.70% | 69.00% | 65.50% | 61.50% | 68.00% | 74.40% | 56.30% | 69.40% | 65.60%
11 |68.90% | 65.70% | 63.10% | 68.50% | 67.90% | 65.50% | 65.60% | 61.20% | 76.70% | 62.60%
12 |67.40% | 72.10% | 72.40% | 73.00% | 70.40% | 66.80% | 61.80% | 65.60% | 56.80% | 58.90%
13 |72.10% | 70.20% | 56.70% | 69.10% | 70.70% | 64.50% | 61.10% | 65.30% | 69.80% | 70.60%
14 | 71.50% | 68.70% | 64.30% | 65.40% | 53.80% | 62.00% | 60.50% | 63.40% | 62.30% | 63.80%
15 | 74.20% | 65.10% | 69.40% | 64.80% | 57.70% | 67.20% | 57.30% | 66.50% | 69.10% | 71.10%
16 | 60.90% | 64.60% | 68.00% | 61.40% | 63.70% | 60.10% | 65.70% | 62.40% | 65.80% | 68.70%
17 |52.20% | 67.30% | 67.10% | 68.70% | 65.10% | 55.40% | 61.70% | 67.70% | 58.90% | 68.10%
18 157.00% | 75.30% | 77.00% | 71.10% | 60.80% | 60.70% | 56.10% | 71.50% | 60.30% | 71.10%
19 |72.00% | 65.50% | 64.20% | 66.50% | 59.90% | 59.30% | 61.90% | 64.50% | 62.80% | 66.70%
20 |68.20% | 69.30% | 68.10% | 69.50% | 68.60% | 69.20% | 68.90% | 69.60% | 72.80% | 67.40%
21 [63.70% | 66.40% | 68.20% | 66.80% | 68.20% | 69.80% | 71.30% | 69.80% | 68.90% | 65.00%
22 |65.30% | 68.20% | 63.60% | 66.80% | 71.20% | 71.80% | 61.20% | 73.10% | 68.80% | 67.70%
23 166.70% | 76.20% | 55.30% | 68.70% | 57.50% | 74.10% | 65.70% | 69.40% | 67.90% | 70.70%
24 |70.10% | 71.60% | 67.90% | 68.50% | 62.10% | 60.70% | 59.70% | 63.30% | 68.70% | 64.50%
25 |67.10% | 71.10% | 64.20% | 58.60% | 75.30% | 58.50% | 72.30% | 67.80% | 73.00% | 74.60%
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TABLE 19

TREATMENT NUMBER 8 AIRCRAFT AVAILABILITIES

1 73.40% | 73.40% | 65.30% | 66.20% | 57.70% | 67.30% | 69.90% | 64.50% | 69.40% | 66.80%
2 65.70% | 65.70% | 68.20% | 62.80% | 66.00% | 64.30% | 60.90% | 73.70% | 74.20% | 69.20%
3 65.20% | 65.20% | 71.20% | 56.10% | 61.20% | 65.80% | 63.80% | 66.60% | 71.20% | 66.60%
4 63.30% | 63.30% | 65.80% | 66.00% | 70.60% | 51.30% | 70.00% | 70.70% | 62.00% | 59.70%
5 75.00% | 75.00% | 64.40% | 67.90% | 71.40% | 63.80% | 61.90% | 63.50% | 66.60% | 58.00%
6 70.40% | 70.40% | 58.50% | 63.70% | 63.60% | 67.60% | 64.40% | 66.80% | 61.60% | 75.20%
7 60.00% | 60.00% | 61.70% | 59.80% | 61.80% | 85.40% | 57.50% | 68.40% | 66.50% | 70.80%
8 65.20% | 65.20% | 73.20% | 71.20% | 70.60% | 82.00% | 67.10% | 65.90% | 60.90% | 65.30%
9 63.70% | 63.70% | 65.40% | 69.10% | 66.50% | 71.10% | 68.40% | 72.30% | 72.10% | 67.10%
10 | 67.80% | 67.80% | 68.90% | 65.40% | 61.50% | 68.40% | 74.10% | 56.40% | 69.50% | 65.80%
11 ]69.10% | 69.10% | 63.40% | 69.00% | 67.50% | 65.40% | 65.50% | 61.50% | 77.00% | 62.70%
12 167.30% | 67.30% | 72.20% | 73.10% | 70.50% | 66.70% | 62.00% | 65.20% | 56.70% | 58.70%
13 | 71.90% | 71.90% | 56.70% | 69.50% | 70.40% | 64.60% | 62.10% | 65.50% | 69.50% | 70.70%
14 | 71.80% |71.80% | 63.80% | 65.20% | 53.70% | 62.30% | 60.40% | 62.80% | 62.50% | 64.00%
15 | 74.10% | 74.10% | 69.30% | 64.70% | 56.80% | 67.20% | 57.30% | 66.20% | 68.90% | 71.20%
16 |61.00% | 61.00% | 68.40% | 61.60% | 63.70% | 60.30% | 65.80% | 62.40% | 66.00% | 68.70%
17 |51.90% | 51.90% | 67.20% | 68.70% | 65.20% | 55.60% | 61.30% | 67.10% | 59.00% | 68.10%
18 |56.90% | 56.90% | 77.10% | 71.30% | 60.70% | 60.20% | 56.10% | 71.10% | 59.40% | 70.90%
19 |71.80% | 71.80% | 63.80% | 66.80% | 59.40% | 59.70% | 62.10% | 64.50% | 62.90% | 66.60%
20 |68.00% | 68.00% | 67.80% | 69.60% | 68.70% | 69.30% | 69.00% | 69.10% | 72.90% | 67.30%
21 |63.80% | 63.80% | 68.50% | 66.60% | 67.60% | 69.70% | 71.80% | 70.00% | 68.40% | 65.30%
22 165.20% | 65.20% | 63.70% | 66.80% | 71.20% | 71.80% | 61.80% | 72.90% | 68.80% | 67.10%
23 | 67.00% | 67.00% | 55.20% | 68.90% | 57.00% | 74.80% | 65.90% | 69.40% | 68.20% | 70.80%
24 [70.50% | 70.50% | 67.70% | 68.80% | 62.70% | 61.00% | 59.60% | 63.70% | 68.30% | 64.60%
25 | 66.90% | 66.90% | 64.40% | 58.50% | 75.50% | 58.10% | 72.30% | 67.90% | 72.80% | 74.40%
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Appendix E: Simulation Input Tables

Summary

This appendix presents the failure/demand rate tables used in the array statements
and the tables used to calculate the depot repair time from the beta distributions in the
simulation networks. Also, the Poisson failure/demand rate tables for the validation runs

are presented.
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TABLE 27

DEPOT REPAIR TIME DISTRIBUTION INTERVALS
FOR LOW DEPOT REPAIR TIME VARIANCE, BETA (1,2)

1 117 117 13 15.6
2 252 252 28 33.6
3 11.7 117 13 15.6
4 30.6 30.6 34 40.8
5 279 279 31 372
6 125.1 125.1 139 166.8
7 125.1 125.1 139 166.8
8 57.6 57.6 64 76.8
9 125.1 125.1 139 166.8
10 13.5 13.5 15 18

11 14.4 14.4 16 19.2
12 60.3 60.3 67 80.4
13 432 432 48 57.6
14 495 495 55 66

15 333 333 37 44.4

Note: Repair times given in days
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TABLE 28

DEPOT REPAIR TIME DISTRIBUTION INTERVALS
FOR HIGH DEPOT REPAIR TIME VARIANCE, BETA(0.5,1)

1 11.7 11.7 13 15.6
2 25.2 25.2 28 33.6
3 11.7 11.7 13 15.6
4 30.6 30.6 34 40.8
5 27.9 27.9 31 37.2
6 125.1 125.1 139 166.8
7 125.1 125.1 139 166.8
8 57.6 57.6 64 76.8
9 125.1 125.1 139 166.8
10 13.5 13.5 15 18
11 14.4 14.4 16 19.2
12 60.3 60.3 67 80.4
13 43.2 43.2 48 57.6
14 49.5 49.5 55 66
15 33.3 33.3 37 44.4

Note: Repair times given in days

70




Bibliography

Crawford, Gordon B. Variability in the Demands for Aircraft Spare Parts. Contract No.
F49620-86-C-0008. Santa Monica CA, RAND Corporation, January 1988.

----- . Palm’s Theorem for Nonstationary Processes. Report R-2750-RC. Santa Monica
CA: The Rand Corporation, October 1981.

Dussault, Christian J. H. Evaluation of Air Force and Navy Demand Forecasting Systems.
MS Thesis, AFIT/GLM/LAL/95M-1, Graduate School of Logistics and
Acquisition Management, Air Force Institute of Technology, Wright-Patterson
AFB OH, March 1995 (AD-A285299).

Feeney, G. J., and Craig C. Sherbrooke. “The (s-1,s) Inventory Policy Under Compound
Poisson Demand.” Management Science 12 (1966):391-411.

Hadley, G. And T.M. Whitin. Analysis of Inventory Systems. Englewood Cliffs NJ:
Prentice-Hall, Inc., 1963.

King, Randall M. Assessing Aircraft Spares Support in a Dynamic Environment. Contract
No. MDA903-85-C-0139. Bethesda MD, Logistics Management Institute, July
1985.

Klinger, Karen. The Application of a Readiness Sparing Model to Foreign Military Sales.
MS Thesis, AFIT/GOR/ENS/94J-1. School of Engineering, Air Force Institute of
Technology, Wright-Patterson AFB OH, May 1994 (AD-A280629).

Klugh, R. James. Memorandum for the DOD Comptroller. Department of Defense,
Pentagon, Washington DC: Deputy Under Secretary of Defense(Logistics), March
24, 1994.

Law, A.M. and W.D. Kelton. Simulation Modeling and Analysis, 2nd Edition. NewY ork
NY: McGraw-Hill, 1991.

Nahmias, Steven. “Managing Reparable Item Inventory Systems: A Review.” TIMS
Studies in the Management Sciences, 16: 253-277 (1981).

Neter, John, William Wasserman, and Michael H. Kutner. Applied Linear Statistical
Models, 2nd Edition. Homewood IL: Richard D. Irwin, Inc, 1985.

71




O'Malley, T. J. The Aircraft Availability Model: Conceptual Framework and Mathematics.
Contract No. MDA903-81-c-0166. Bethesda MD: Logistics Management
Institute, June 1983.

Rexroad, Frederick. Aircraft Availability Research Model (AARM) Analyst’s Manual,
HQ AFMC/XPS, Wright-Patterson AFB OH, July 1992.

Sherbrooke, Craig C. Optimal Inventory Modeling of Systems: Multi-Echelon Technigues.
New York NY: John Wiley & Sons, Inc., 1992.

————— _ Discrete Compound Poisson Processes and Tables of the Geometric Poisson
Distribution. Report RM-4831-PR. Santa Monica CA: The RAND Corporation,

July 1966.

72




Vita

Capt Michael S. Kapitzke was born on 24 April 1964 in South Ruislip, England.
He graduated from Friendly High School in 1982 and began his undergraduate studies at
Auburn University. He was selected as an ROTC Distinguished Graduate and received his
regular commission and graduated with a Bachelor of Aerospace Engineering in June
1986. His first assignment was at Edwards AFB as a Flight Test Engineer where he
performed In-flight Icing and Aerial Refueling tests. His next assignment was at the
National Air Intelligence Center where he was a Space Launch Vehicle Analyst. In May
1994, he entered the School of Logistics and Acquisition Management, Air Force Institute

of Technology.

Permanent Address: 2007 Arona Rd.
Fort Washington, MD 20744

73




Form Approved

REPORT DOCUMENTATION PAGE OME No. 0704-0188

Public reporting burden 101 This collection of INfOrMation s ESUMated 10 average | hour per (EspONSe, INCILKING The LIMe 107 FEVIEWING INSLILCLIONS, SEATCAING existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments reqarding this burden estimate Or 3ny other aspect of thrs
collection of information, including suggestions for reducing thrs burten. 20 Washington Headquarters Services, Directorate for intormation Cperations and Reports, 1215 Setferson
Davis Mighway, Surte 1204, Ariington, VA 22202-4302. and 1o the Otfice of Management and Budget. Paperwork Reduction Project (0704-0188), washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) | 2. REPORY DATE 3. REPORT TYPE AND DATES COVERED
September 1995 Master's Thesis

3. THLE AND SUBTITLE 5. FUNDING NUMBERS
AN INVESTIGATION INTO AIRCRAFT AVAILABILITY

Michael S. Kapitzke, Captain, USAF

8. PERFORMING ORGARIZATION
REPORT NUMBER

7. PERFORMING DRGANIZATION NMAME(S) AND ADDRESS(ES)

Air Force Institute of Technology, AFIT/GSM/LAL/955-4
WPAFB OH 45433-7765

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
‘ AGENCY REPORT NUMBER

44, SUPPLEMENTARY NOTES

1 12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRBUTION CODE

Approved for public release; distribution unlimited

42. ABSTRALT {Maximum 200 words)

The Air Force currently uses an expected value model in the Aircraft Availability Model (AAM) to calculate
aircraft availability. However, even with the application of Lean Logistics, the failure/demand rate and the depot repair
time are not fixed and the mean value is still used in the model. This research looks at the effect of the magnitude of the
variance of the distributions of failure/demand rate and depot repair time. Also, this research evaluates the effect of variable
mean failure/demand rates on the variability of aircraft availability. A simulation model was developed which applied the
variable failure/demand rates-and depot repair times. Aircraft availabilities were calculated and the variances of the aircraft
availabilities were computed. From this an ANOVA and paired t-tests were performed on the mean variances to test if the
parameters significantly effected the variance of aircraft availability. From these tests, it was found that failure/demand rate
variance and the failure/demand rate significantly effected the variance of aircraft availability with possible aircraft
availabilities being +10% in some cases.

118, SUBJELT TERMS 15. NUMBER OF PAGES

Aircraft Availability, Reparable Inventory, Failure/Demand Rate Variance, 85
Failure/Demand Rate, Depot Repair Time Variance, 16. PRICE CODE
<7, SECURITY CLASSIFICATION | 1B. SECURITY CLASSIFICATION | 1S. SECURITY CLASSIFICATION }20. LIMITATION OF ABSTRACT
REP. . 7 AT F ABSTR .
OF REPBLlassified , OF THIS PRfitlassified OF ABSTRAG[ classified UL
H
. 1
NS 7540-04-280-550% Szancarc form 298 (Rev 2-88;

SresTripes Ly SNS Sto Z28-1E




